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PREFACE 


The research on which this report is based was part 
of a larger project to increase efficiency in the physical 
handling of agricultural products in various stages of 
the marketing system. The work was conducted 
under the direction of Joseph F. Herrick, Jr., research 
marketing analyst, Handling and Facilities Research 
Branch, Transportation and Facilities Research Divi- 
sion, Agricultural Marketing Service. 

The authors thank the many companies in the fruit 
and vegetable industry that made their facilities avail- 
able for study of storage and handling operations. 

Other reports of interest to wholesalers on the han- 
dling of perishable food products issued by the United 
States Department of Agriculture are: 

Materials Handling in Public Refrigerated Ware- 
houses. Mktg. Res. Rpt. No. 145, June 1957. 
Loading Out Fruits and Vegetables in Wholesale 


Mechanically Processing Wholesale Frozen Food 
Orders. AMS-317, June 1959. 

Wholesale Fruit and Vegetable Warehouses; 
Guides for Layout and Design. Mktg. Res. Rpt. 
No. 467, August 1961. 

Receiving Fruits and Vegetables in Wholesale 


Warehouses. Mktg. Res. Rpt. No. 478, Octo- 
ber 1961. 
Methods, Equipment, and Facilities for Receiv- 


ing, Ripening, and Packing Bananas. 
Res. Rpt. No. 92, June 1955. 

Some Improved Methods of Handling Frozen 
Food in Wholesale Plants. Mktg. Res. Rpt. No. 
107, November 1955. 


Mktg. 


The last two publications listed are not available 


Warehouses. Mktg. Res. Rpt. No. 282, March — from the Department of Agriculture, but may be con- 
1959. sulted at major libraries. 
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SUMMARY 


Pallet tiering devices, which can store loaded pallets 
in three or four tiers, offer wholesale distributors of 
fresh fruits and vegetables a means to better use stor- 
age capacity than is possible with the conventional 
storage system. When pallet loads are stored in the 
conventional manner, only one-fourth of an inventory 
is usually placed in a second tier, because the packages 
of produce must bear the weight of the loads. 

The most efficient system of tiering pallets studied— 
a drive-in pallet rack system with three tiers—required 
a storage area of about 3,700 square feet, 3,400 square 
feet less than the conventional system. Handling and 
storage costs were about $13 per carlot equivalent, 
compared to nearly $16 for the conventional system. 
The study was based on a service wholesaler handling 
an annual volume of 1,000 carlot equivalents (about 
31 million pounds) of fresh produce. Both the con- 
ventional and drive-in rack systems used 40- by 48- 
inch pallets and counterbalanced forklift trucks for 
handling. 

A service wholesaler handling an annual volume of 
1,000 carlot equivalents could reduce costs for a new 
warehouse by as much as $25,000 if he designed his 


facility around three-tiered drive-in pallet racks in- 
stead of using the conventional storage system. Stor- 
age and handling costs would be cut by at least $2,500 
annually. 

Another three-tiered drive-in rack system, which 
used extendible-fork lift trucks for handling, also had 
lower storage and handling costs than the conventional 
system. Storage and handling costs for four other tier- 
ing systems studied were about equal to or higher 
than those of the conventional system, ranging up to 
nearly $21.50 per carlot. 

The three-tiered drive-in pallet rack systems would 
also have the lowest costs at annual volumes up to 3,000 
carlots. 

Wholesalers can use the data in this report to deter- 
mine how much storage capacity can be increased in 
an existing warehouse by installing tiering devices. 
As an example, a wholesaler now using the conven- 
tional storage system, 40- by 48-inch pallets, and coun- 
terbalanced forklift trucks, could increase storage ca- 
pacity by as much as two-thirds by installing three- 
tiered drive-in pallet racks. A clear, unobstructed 
ceiling height of 18 feet would be required. 


STORING FRUITS AND VEGETABLES ON PALLETS 
IN WHOLESALE WAREHOUSES 


by RicHarp T. FERR1s AND RoBert K. Bocarpus ! 
industrial engineers 
Transportation and Facilities Research Division 
Agricultural Marketing Service 


BACKGROUND 


The generally used method of storing palletized 
fruits and vegetables in wholesale warehouses (called 
the conventional method in this report) does not make 
full use of vertical storage space. Pallet loads of 
produce in containers that are strong enough are 
placed directly atop one another, but many commodi- 
ties cannot be tiered in this manner, and valuable 
storage space is lost. 

A number of devices are available that provide for 
stacking loaded pallets in two, three, or four tiers. 
Precise information was lacking, however, as to: (1) 
How much reduction in floor area requirements or 
increase in storage capacity is gained by the use of 
tiering devices; and (2) how the use of tiering devices 
affects the costs of owning and maintaining a ware- 
house and the costs of handling commodities in and 
out of storage. 

To assist wholesalers planning to build new ware- 
houses or to increase the capacity of their present 
facilities, a study was made to compare the require- 
ments and costs of storage by the conventional method 
with three general types of tiering devices—self-sup- 
porting pallets, standard pallet racks, and drive-in 
pallet racks. These are described in the following 
section, “Storage Systems.” 

Data were collected, under commercial operating 
conditions, in the warehouses of six wholesale distribu- 
tors of fruits and vegetables. 

The warehouses studied varied in size, shape, and 
layout. Some had separate rooms for dry-cold (85- 
90 percent relative humidity) and wet-cold (90-95 
percent relative humidity) storage, and some had all 
cold storage in one room. All the warehouses had the 
general storage area in a single room. In this study, 
area requirements are based on separate rooms for 
dry-cold, wet-cold, and general storage. ‘The merits 


* Mr. Ferris and Mr. Bogardus have resigned from the 
Agricultural Marketing Service. 


of combining the two cold-storage areas in one room 
are also discussed. 

Cost comparisons are based on a service wholesale 
warehouse handling 1,000 carlot equivalents (approxi- 
mately 31 million pounds) of fruits and vegetables an- 
nually. Service wholesalers take orders through their 
salesmen and make deliveries to retail foodstores. 
Bananas, which account for 156 carlots,? are stored 
in special ripening rooms. The general, dry-cold, and 
wet-cold storage rooms therefore provide for an an- 
nual volume of 844 carlots. Banana handling and 
storage problems have been discussed in another 
report.® 

In handling operations, it is assumed that commodi- 
ties are palletized in the railroad car or truck and 
moved to the warehouse receiving platform, where 
a forklift truck operator moves them to storage. Com- 
modities are assembled for orders by pallet loads in an 
order assembly area and loaded on delivery trucks 
by a conveyor extended into the truck. Loading out 
and receiving are the subjects of previous research 
reports.® 

The type of forklift truck used has an effect on floor 
area requirements as well as the time required for 
handling. The counterbalanced truck (fig. 1) re- 
quires aisles 101% feet wide. The straddle forklift 
truck (fig. 2) can operate in aisles only 61% feet wide. 
This truck has outriggers that straddle the load as it 
is lifted. Because the weight of the load is behind 
the wheels on the outriggers, a much shorter truck is 
possible, and a right-angle turn can be made in a 
narrow aisle. 


*The distribution of commodities is based on national 
averages drawn from studies by the U.S. Department of 
Agriculture and surveys made by the Service Wholesale Divi- 
sion of the United Fresh Fruit & Vegetable Association. For 
additional details see table 1, page 2, Bogardus, Robert K.., 
Wholesale Fruit and Vegetable Warehouses—Guides for 
Layout and Design, Marketing Research Report No. 467, 
41 pages, 1961. 

* See list of reports in preface. 


Ficure 1.—A counterbalanced forklift truck and pallet. 


The extendible-fork truck has forks mounted on a 
scissor-like mechanism so they may be extended beyond 
the outriggers (fig. 3). This enables the truck to 
“reach” out to pick up or set down loads without the 
outriggers having to straddle the load. The outrig- 
gers permit turning in a narrower aisle (71/2 feet wide) 
than counterbalanced trucks because the load, when 
withdrawn to the upright, need not be counterbalanced 
by weight far back of the front axle. Thus the ex- 
tendible-fork truck combines the advantage of the 
counterbalanced truck of not having to straddle the 
load with the advantage of the straddle truck of being 
able to operate in narrow aisles. The counterbalanced 
trucks were the fastest of the three types observed. 

Because of various combinations of pallet size, num- 
ber of tiers, and type of forklift truck used, seven stor- 
age systems were studied. The seven systems are: 


Storage method 


Conventional 22. ictis a susie seen 
half are in 2 tiers. 

Self-supporting pallets: 
Tubular frame 
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Number of titers 


Half the pallet loads are in single tiers and 


The research methods and techniques used to meas- 
ure the characteristics of storage method and handling 
that affect the costs of operation are in the appendix. 

The costs analyzed in this report are: The costs of 
owning and maintaining the warehouse and any tier- 
ing devices used; and the costs of handling loaded and 
empty pallets in receiving and loading out. Mana- 
gerial, clerical, and delivery-truck costs, and the like, 
are not included. 

It was assumed that the labor rate was $2.25 per 
hour for forklift truck operators. This figure includes 
the base hourly rate plus the cost of such items as 
social security, workmen’s compensation, paid vaca- 
tions, and unemployment compensation. 

The labor requirements include the productive time 
for the job plus additional allowances for unavoidable 
delays and job changeover. These allowances are 
described in the appendix. 


Pallet size Type of forklift truck 


(inches) 

40 x 48  Counterbalanced. 
Saige deere battens vatktane once 40 x 48 Do. 
 cANSrtl cheasereabeinegs acres 40 x 32 ~=Straddle. 
Ne on HDD et oes 40 X 32 Do. 
So deeod ono Oa 40 x 48  Counterbalanced. 
Rc RAO Anes Saree 40 x 48 Do. 
shiafayerahsveue tee onenke sitet 40 x 48 _Extendible fork. 


STORAGE SYSTEMS 


Conventional Storage 


In conventional storage, use of vertical space is 
severely limited. Gentleness is required in both han- 
dling and storage of fresh fruits and vegetables. 
Many commodities are packaged in bags and other 
containers that offer little or no protection from ex- 
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ternally applied forces, and they cannot bear the 
weight of loaded pallets (fig. 4). Also, it is difficult 
to build these commodities into pallet loads with a 
surface stable enough to form a base for another load. 
Indiscriminate stacking of pallet loads of fresh fruits 
and vegetables would result in crushed merchandise 
and toppled stacks. 

In a typical general line of fruits and vegetables, 
about half the palletized commodities in storage can 
be stacked. One-half of the loads that can be tiered, 
or about 25 percent of the total, would be stored in 
the second tier atop the other half of the tierable loads. 

The conventional storage system studied used 40- 
by 48-inch pallets and a counterbalanced forklift truck 
for handling. 


Self-Supporting Pallets 


Self-supporting pallets have superstructures at- 
tached to support superimposed loads so that packages 
on the pallets do not have to bear the weight. Some 
limitations on tiering loads are removed, but more 
pallet loads are required to store a given quantity, 
because of the room taken up by the supports. Load- 
ing patterns that fully utilize the pallet area cannot 
be used. The height to which packages can be loaded 
is also limited by the support structure or because 
sufficient clearance must be allowed for the pallet 
load that is to be set on top. The maximum loading 
height permitted by self-supporting pallets is 46 inches. 
In conventional storage, packages may be loaded up 
to a height of 72 inches or more, depending on the 
commodity and the type of package. 

One type of self-supporting pallet was observed in 
use in fruit and vegetable warehouses. This was a 
tubular-frame assembly which could be attached to 
standard pallets (fig. 5). There were two pieces to 
each assembly, each piece consisting of two corner 
posts connected by a horizontal brace which was bent 
in toward the center of the pallet. When both pieces 
were assembled on a pallet, the superstructure con- 
sisted of posts at each corner connected at the top by 
a brace shaped like an “X”. This type of self-sup- 
porting pallet is termed the “tubular-frame” pallet. 


Ficure 2,—A straddle forklift truck and a single-wing pallet. 
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Ficure 3.—An extendible forklift truck. 


Two systems using tubular-frame pallets were ob- 
served. One system used 40- by 48-inch pallets, tiered 
three high, with handling by counterbalanced forklift 
truck, and the other used 40- by 32-inch pallets, tiered 
three-high, with handling by straddle truck. 

When supports are used, the average load per pallet 
is about 40 percent less with 40- by 48-inch pallets 
and 53 percent less with 40- by 32-inch pallets than 
with conventional storage on 40- by 48-inch pallets. 


Standard Pallet Racks 


A pallet rack is a steel framework upon which pallets 
may be stored, one over the other, in the warehouse. 
The most important components are horizontal beams 
upon which the pallets rest, and vertical columns to 
support the horizontal beams and transmit the load 
to the warehouse floor. ‘Standard’ pallet racks are 
so named to distinguish them from “drive-in” pallet 


8 


racks. The terms “pallet rack” and “drive-in pallet 
rack” are often used. 

A row of standard pallet racks consists of a number 
of upright frames connected by horizontal beams. 
Each upright frame has two columns, one at the front 
of the row and one at the back; the horizontal beams 
are parallel to the aisle (fig. 6) . 

The beams block access into the storage bay by 
handling equipment. Therefore, the depth of the 
storage bay is restricted to one row deep with an access 
aisle on one side, or two rows deep with an access 
aisle on each side of the bay. This limitation on stor- 
age bay depth with standard pallet racks is a disad- 
vantage from the space utilization standpoint. In 
the conventional and self-supporting pallet methods 
of storage, there is no such restriction. The result is 
that more aisles are needed when standard pallet racks 
are used. Storage is less dense because bay depth per 
access aisle is less. 

Pallet racks have a potential advantage over self- 
supporting pallets in that loading patterns on the pal- 
lets can be more efficient because there are no obstruct- 
ing corner posts. This advantage applies only if the 
vertical space available for packages remains the same. 

The standard pallet rack installation observed used 
40- by 32-inch single-wing pallets (fig. 2) tiered three 
high. Handling was by straddle forklift trucks. The 
racks provided 48-inch vertical clearance in each tier. 
Allowing 6 inches for the pallet and 2 inches clearance 
for moving loads in and out of the racks, 40 inches is 
available for loading packages on the pallets—6 inches 
less than on the comparable self-supporting pallet. 


Drive-In Pallet Racks 


Drive-in pallet racks eliminate the disadvantage of 
low storage density found with standard pallet racks. 

Drive-in pallet racks have many of the same com- 
ponents that standard pallet racks have—that is, up- 
right frames and horizontal beams upon which the 
pallets rest. The horizontal beams, however, are ar- 
ranged at right angles to the aisle rather than parallel 
to it, so that they do not block access into the bay 
(fiz. 7). Storage bays can be as deep as other con- 
siderations permit, and bay depths of up to five rows 
are common. 

Drive-in pallet racks are braced laterally in the cen- 
ter of the bay. With access aisles on each side of the 
bay, two rows of pallets are accessible from one aisle, 
and three rows from the other aisle. There is a spe- 
cial variation on the drive-in pallet rack where even 
this limitation on movement through the bay is re- 
moved. The rack is tied into the floor and ceiling 
of the warehouse, and handling equipment can be 
moved all the way through the storage bay to the aisle 
on the other side. This is called the “drive-through” 
pallet rack. One of the systems studied employed 


FicurE 4.—Pallet storage by the conventional methed. Note the lack of overhead space utilization. 
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Ficure 5.—Tubular-frame pallets in storage. 
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Figure 6.—Storage on standard pallet racks. 
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Ficure 7.—Commodities stored on drive-in pallet racks. 


drive-through pallet racks, but they were not being 
used as such. For this reason, they are referred to as 
drive-in pallet racks in the analysis. 

Space use with drive-in pallet racks is poten- 
tially better than with self-supporting pallets because 
of greater freedom in designing pallet patterns. The 
drive-in feature permits storage bay depths as great 
as with self-supporting pallets and the fact that the 
pallets have no corner stanchions permits heavier 
pallet loading. 

Three different systems using drive-in pallet racks 
were analyzed. One used four tiers in conjunction 
with counterbalanced forklift trucks, and the other 
two had three tiers, one used with counterbalanced 
forklift trucks and the other with extendible-fork lift 
trucks. The 40- by 48-inch pallet was used in all three 
systems. 

In each of the warehouses where studies were made, 
the net clear ceiling height was approximately the 
same, so that the four-tiered racks held smaller unit 
loads than the three-tiered. Vertical space available 
per tier in the three-tiered racks was 65 inches, and 
in the four-tiered racks, only 45 inches. Subtracting 6 
inches for the pallet and 4 inches vertical clearance 
for moving loads in and out leaves only 35 inches of 
loading height for packages in the four-tiered racks. 


FLOOR AREA REQUIREMENTS 


A service wholesaler handling 1,000 carlot equiva- 
lents annually of a general line of fruits and vegetables 
would need space enough to store approximately 15 
carlots, excluding bananas. This would provide for 
an inventory turnover 80 times during the year, or 
slightly more than a 41-day supply during the busy 
season (an 8-month period when the major volume of 
business occurs). The 15 carlots would be divided 
among the 3 storage areas in this way: 


Generali, ste 32 tie. eee 7 carlots 
Dry icoldae20 Ul ant eee 5 carlots 
Wie taco] die: aU os eee 3 carlots 


Floor area requirements are based, first of all, on the 
number of pallet stacks (number of pallet loads divided 
by the number of tiers) used to store 15 carlots. The 
numbers of pallet loads and stacks required in each 
system, by commodity and storage area, are given in 
appendix table 15. The number of pallet loads re- 
quired by the systems are determined by: The size of 
pallet used—40 by 48 inches or 40 by 32 inches; the 
loading height available per pallet; and the usable 
horizontal space available per pallet. All tiering 
devices reduced the loading height available per 
pallet over the conventional storage method, and the 
systems using self-supporting pallets reduced the hori- 
zontal space available. 

The problem of overall warehouse layout is dealt 
with by considering only the area required for storage 
and access to storage. All layouts follow the same 
general pattern: parallel storage bays separated by 
access aisles. If a room requires two or more access 
aisles, they are connected by a service aisle (fig. 8) at 
right angles. For all systems except that using standard 
pallet racks, the maximum number of rows in a bay is 
five. When standard pallet racks are used, bays are 
only two rows deep. 

Specific floor area requirements for each storage 
system were determined from basic layout patterns 
developed for the various systems (appendix p. 25 and 
figs. 15 and 16) and from the dimensions of pallets, 
the clearances allowed between pallets or structural 
members, and the aisle width required by the type of 
forklift truck used. These dimensions, as well as the 
total vertical space required, are given in appendix 
figures 17-21. 

In developing layouts for individual storage rooms, 
it was not possible to fit the exact required capacities 
into rooms with uniform rectangular shape. The lay- 
outs in this report are regularly shaped rooms with at 
least the required capacity and the smallest possible 
area requirements, subject to the restriction that no 
room is more than three times longer than it is wide, or 


STORAGE ROOM LAYOUT PATTERN 


Lai ZI. 


AISLE 


| ACCESS 


| SERVICE 


STORAGE BAY 


AISLE 
| | 
| ACCESS AISLE | 
| | 
LV stone, BR LIL) 
Ficure 8. 
vice versa. As a result, the actual capacities of the 


storage areas are usually slightly higher than the re- 
quired capacities. 

The smallest floor area requirements, those of the 
three-tiered drive-in rack system, using extendible- 
fork trucks (table 1), are less than half of those of 
the conventional system using counterbalanced trucks. 
Good use of vertical space, combined with the narrow 
aisles required by extendible-fork trucks, make floor 
area requirements low. Less than 30 percent of the 
total storage area is required for aisles. The three- 
tiered drive-in rack system, using counterbalanced 
trucks, requires 389 square feet more aisle space, but 
the total area required is only a little more than half 
as much as that of the conventional system. 

A self-supporting pallet system has the third lowest 
area requirement. Although the number of pallet 
loads (720) is high for the tubular-frame system, the 
small floor area required by 40- by 32-inch pallets and 
the narrow aisles (61/2 feet) used by straddle trucks do 
save space. Compared to conventional storage, the 
number of aisles required, and therefore the percent 
of floorspace aisles occupy, are reduced. 

Area requirements of the four-tiered drive-in rack 
system are higher than those of the three-tiered sys- 
tems for several reasons. All these systems were con- 
structed in warehouses with ceiling heights that were 
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TasLeE 1.—Floor area requirements for storing 15 carlots of palletized fruits and vegetables by seven storage systems 


Storage system and storage areas 
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approximately equal. When pallets were tiered four 
high, the number of packages per pallet had to be 
reduced, because the depth of the additional pallet, 
plus its required vertical clearance, had to be deducted 
from the total vertical height available. The loss of 
vertical space significantly reduced storage density 
(tons stored per 100 square feet). 

Moreover, in the warehouses where the studies were 
made, greater clearances were provided between ver- 
tical rack members for racks constructed to tier four 
pallets than were provided for the systems in which 
pallets were tiered three high. As a result, pallet 
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Capacity Area required for— 
Total 
Pallet Pallet Storage Aisles 
loads stacks 
Sq. ft Sq. ft. Sq. ft. 
= Aid| Sates eae 60 990 414 1, 404 
Seagal hs eieuestonecere 50 826 345 ij al7Al 
Peal letra oe 30 498 207 705 
ver 420 140 2, 314 966 3, 280 
SNE Sameer Sawer 60 990 580 1, 570 
pees ieicdena.o ois 50 826 484 1, 310 
soe heycil Sremeneeomerens aye 30 498 291 789 
fer 420 140 2, 314 1, 355 3, 669 
ee Peis fae 100 Wey 411 1,542 
Seren | Poenctrcecter ess 85 961 349 1, 310 
Pearse, Peet rarer eens 55 621 225 846 
ors we 720 240 DRUG 985 3, 698 
ag | Sager 65 a akall 651 LOZ 
iva STN GietedeenAers 55 941 551 1, 492 
BELT A (sent, ctesndee c 35 600 352 952 
ae 620 155 2, 652 1, 554 4, 206 
Bere |s.0 Gamay Oe 70 1, 126 660 1, 786 
Soe sso oes 80 1, 287 754 2, 041 
Aefisa ose Bowne 40 642 376 1, 018 
Ge 570 190 3,055 1, 790 4, 845 
Rabie onoacracrcaute 114 1, 281 1, 509 2, 790 
Bera lSebrotinn SOL 102 1, 147 1, 381 2, 528 
Rerre Venter ere 48 535 703 1,238 
Asie 792 264 2, 963 3, 593 6, 556 
rotal| acer eerste 130 2, 090 1, 822 3, 912 
Repel ea cine aa 65 1, 046 612 1, 658 
gigi ep amen 60 965 565 1, 530 
a: 340 255 4,101 2,999 7, 100 


stacks in the four-tiered arrangement required ap- 
proximately 18.3 square feet of floorspace, while the 
three-tiered arrangement required approximately 16.5 
square feet of floorspace. 

The tubular-frame pallet system using counter- 
balanced trucks and 40- by 48-inch pallets requires a 
little more than two-thirds of the floor area of con- 
ventional storage. 

The most significant disadvantage of standard pallet 
racks, low storage density, shows up in aisle space 
requirements. Because storage bays are only two rows 
deep, storage space must be increased by increasing 


the number of bays per storage room and by making 
the rows longer than in other storage systems. Both 
these factors add to the amount of aisle space required. 
The general and dry-cold storage rooms each require 
three access aisles; the wet-cold storage room, two 
access aisles; and all three rooms require service aisles. 
Because the straddle truck is used, access aisles are 
only 64% feet wide; service aisles are 7 feet wide to 
accommodate two-way traffic. 

Of the total 7,100 square feet of warehouse area 
required for the conventional system, the space re- 
quired for loaded pallet stacks accounts for approxi- 


THE COST OF 


Storage space costs consist of the cost of owning 
and maintaining the warehouse, plus the cost of tier- 
ing devices if they are used. Annual warehouse costs 
include depreciation, interest, insurance, taxes, and 
maintenance for the structure and the basic electrical 
and mechanical equipment, including the required 
refrigeration system. ‘The annual costs of tiering 
devices also include depreciation, interest, insurance, 
taxes, and maintenance. In the case of pallet racks, 
the cost includes the expense of their installation as 
well as their purchase price. For self-supporting pal- 
lets, the costs are for the tubular frames only. The 
cost of pallets is included in handling costs. 


mately 56 percent. The 4,101 square feet required 
for pallet stacks include clearances for package over- 
hang, air circulation, and to facilitate handling loads 
into and out of storage. Aisles are 10% feet wide— 
adequate for a counterbalanced truck to make a right- 
angle turn to pick up or deposit a load, including 12 
inches clearance. 

The dry- and wet-cold storage rooms each have two 
storage bays and one access aisle. The general stor- 
age area has three storage bays, two access aisles, and 
a service aisle across the end of the area connecting 
the access aisles. 


STORAGE SPACE 


Storage space costs range from a high of about $9 
per carlot for the standard pallet rack system to a low 
of about $5 for three-tiered drive-in pallet racks with 
the extendible-fork truck (table 2). The cost for the 
conventional system is nearly the same as the highest 
cost system. 

Selection of a storage system cannot be made on the 
basis of storage space cost alone. Some of the advan- 
tage of low cost of storage space in tiering systems 
is lost in the higher handling costs that result from the 
greater number of pallets that must be handled, lifted, 
and placed in or on the tiering devices. 


TaBLe 2.—Costs of storage space for a 1,000-carlot annual volume 


Storage system 


3-tiered drive-in racks, 40- x 48-inch pallets, extendible-fork 
EU CKS i lato acsrea stain van tar aanasvatens, ek ees eae Rog hins Gatien aaa neti d tales 


PUCK gee ecg acai ee Serra es AC acP er Me atc: Mepis, CON ati aie onan Vile 


ETUC KSI uit itcstownes 2 ey accutmonicalc One Mee ATE a rhs cee case Me em prathee ks 
Tubular-frame 40- x 32-inch pallets, 3 tiers, straddle trucks...... 
Tubular-frame 40- x 48-inch pallets, 3 tiers, counterbalanced 

EIUICKS hide eh ere Paci acrad een TA ate nay, wer Teh Sos, cm ee May ee a8 ASS 
Conventional 40- x 48-inch pallets, 4 in 1 tier, 4 in 2 tiers, counter- 

balancedptrucks es are stricter etal eo okt aera s, shaoa acces 
Standard pallet racks, 40- x 32-inch pallets, 3 tiers, straddle 

(ie OY IES aA Scena aM Ger ane eo REET col cS eter ite ore ea aa 


1 Based on an average cost of $1.08 per square foot per year. 
See table 13 in the appendix. 
?Based on an annual volume of 844 carlot equivalents 


Annual storage space costs Total 
Area storage 
required space costs 
Warehouse Tiering Total per carlot? 
facility 1 devices 
Square 
feet Dollars Dollars Dollars Dollars 
3, 280 3, 542 884 4, 426 5. 24 
3, 669 3, 963 884 4, 847 5.74 
4, 206 4,542 1, 299 5, 841 6. 92 
3, 698 3, 994 32, 036 6, 030 7.14 
4, 845 5, 233 41, 600 6, 833 8.10 
7, 100 Ty GOB) Ise x ctcersis Sus 7, 668 9.09 
6, 556 7, 080 612 7, 692 9.11 


moving through general, dry-cold, and wet-cold storage. 
3 Based on tubular frames for 897 pallets. 
4 Based on tubular frames for 705 pallets. 
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HANDLING REQUIREMENTS 


Labor 


The most significant factor in comparing labor 
requirements of the seven systems is the average num- 
ber of pallet loads required to handle the same volume 
of commodities. Next in importance are the speed 
of the forklift truck used and the average transport 
distance required by the system. The average num- 
ber of pallet loads per carlot equivalent and average 
transport distance for the seven systems are given in 
table 3. 


TaBLE 3.—Pallet-handling operations (excluding ba- 
nanas): Average number of pallet loads per carlot 
equivalent and average transport distances 


Average Average 
Storage system transport |pallet loads 
distance | per carlot 
Feet Number 
Conventional 40- x 48-inch pallets, 
14 in 1 tier, % in 2 tiers, counter- 
balancedttrucks,. .i'G5 «2 sarndyiee ere 150 2125 
3-tiered drive-in racks, 40- x 48-inch 
pallets, extendible-fork trucks... ... 120 25.8 
3-tiered drive-in racks, 40- x 48-inch 
pallets, counterbalanced trucks... . 120 25.8 
Tubular-frame 40- x 48-inch pallets, 
3 tiers, counterbalanced trucks... . 130 35.8 
4-tiered drive-in racks, 40- x 48-inch 
pallets, counterbalanced trucks... . 130 37.4 
Tubular-frame 40- x 32-inch pallets, 
Si tiers, straddle. trucks® i.e. aor Aeron 120 45.9 
Standard pallet racks, 40- x 32-inch 
pallets, 3 tiers, straddle trucks..... 190 50. 4 


The number of pallet loads per carlot equivalent is 
at its lowest with conventional storage, because no 
restrictions are set by pallet supports or rack installa- 
tions, and the largest practical pallet loads are used. 
The transportation distances are affected by the overall 
dimensions of the storage areas and the number of 
aisles required. The compact areas with a high stor- 
age density (tons stored per 100 square feet of storage 
area) have the lowest transport distance. 

Other factors affecting handling requirements are 
the amount of space into which a load must be fitted, 
and the height to which loads must be lifted. It takes 
longer to put a load in storage when the clearance is 
tight and if the load has to be lifted very high. Some 
of the time required to elevate loads can be eliminated 
by beginning the elevation while the forklift truck is 
moving (fig. 9), but there is a practical limit to the 
height at which a load can be safely transported. 

Forklift truck operators perform the following work 
in handling loaded and empty pallets: 

Receiving: (1) Pick up loaded pallets on the receiv- 
ing platform, transport them to the storage location, 
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deposit them in storage, and return to the receiving 
platform; and (2) rehandle pallet loads for stock ro- 
tation when necessary. 

Order assembly: (1) Pick up pallet loads of com- 
modities in storage, transport them to an order-assem- 
bly area, deposit the loads, and return to storage; and 
(2) transport empty pallets from order-assembly area 
to the receiving platform. 

Table 4 shows labor requirements per carlot equiva- 
lent for pallet-handling operations for the seven stor- 
age systems. Requirements for receiving are based on 
an annual volume of 844 carlots, and, for order assem- 
bly, on 1,000 carlots. The 156 carlots of bananas are 
handled on pallets during the order-assembly opera- 
tion. Labor requirements were determined by time 
studies. They include allowances for unavoidable 
delays and changing jobs, as described in the appendix. 

At 1.73 man-hours per carlot equivalent, require- 
ments of conventional storage are 10 percent less than 
the lowest of any of the-high-tiering systems and less 
than half as much as the standard pallet rack system. 

The savings in labor with conventional storage com- 
pared to the next lowest system—three-tiered drive-in 
racks and a counterbalanced truck—are almost en- 
tirely attributable to the larger loads handled. 
Although picking loads up and setting them down is 
considerably less time consuming in conventional stor- 
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Ficure 9.—Elevating a load while transporting. 


TaBLe 4.—Pallet-handling operations: Labor requirements per carlot equivalent for a service wholesaler handling 
an annual volume of 1,000 carlots 


Labor required for receiving (excluding 


bananas) 
Storage system 
Moving 
loads to | Rehan- Allow- 
storage dling ances ! 
Man-min. | Man-min. | Man-min. 
Conventional 40- x 48-inch 
pallets, counterbalanced 
TRUCKS S citvarseres Vix vices mans 26. 44 13535 24. 38 
3-tiered drive-in racks, 40- x 
48-inch pallets, counterbal- 
anced: trucks ois cae eens: 30. 19 4. 28 24. 38 
3-tiered drive-in racks, 40- x 
48-inch pallets, extendible- 
fOEKAtrUGkst ses; ist Asa ts) Seen gee 40. 51 5:54 24. 38 
4-tiered drive-in racks, 40- x 
48-inch pallets, counterbal- 
anced trucks’: «i203 % sicemcteles 43.01 6. 30 24. 38 
Tubular-frame 40- x 48-inch 
pallets, counterbalanced 
RUCK Se Stare cee syed een eae 43. 68 4.18 24. 38 
Tubular-frame 40- x 32-inch 
pallets, straddle trucks...... 61. 51 3.74 24. 38 
Standard pallet racks, 40- x 
32-inch pallets, straddle 
EGU CK Sr auth an titer aceite 94.75 0 24. 38 


1 Includes 15 man-minutes per carlot unavoidable delay 
allowance and 9.38 man-minutes per carlot job changeover 
allowance (see appendix). 

2 Includes 12.63 man-minutes per carlot unavoidable delay 
allowance and 7.89 man-minutes per carlot job changeover 
allowance (see appendix). 


age (fig. 10), this advantage is partly offset by a longer 
transport distance (150 feet compared to 120 feet in 
the three-tiered rack system). 

Labor requirements of the system using three-tiered 
drive-in racks and a counterbalanced truck are 27 
percent less than the lowest achieved with self-support- 
ing pallets, and over 53 percent less than those of 
standard pallet racks and straddle forklift trucks. The 
advantages of larger unit loads, shorter transport dis- 
tances, and the greater speed of the counterbalanced 
truck combine to bring this about. 

Most of the saving in labor with the three-tiered 
racks and counterbalanced truck compared to the four- 
tiered rack and the same truck (fig. 11) is due to the 
difference in the number of unit loads handled. The 
average number of pallet loads per carlot for three- 
tiered racks is 25.8, and four-tiered racks, 37.4. The 
labor required per pallet load is pretty much the same 
with either storage method and the difference in aver- 
age transport distance is only 10 feet. 

Labor requirements for the three-tiered rack system 
using an extendible-fork truck (fig. 12) are 24 per- 
cent higher than those for the system using the coun- 
terbalanced truck, because of the difference in operat- 
ing speed of the two types of trucks. 


Labor required for assembly 


Grand 
Assem- | Return- total 
Total bling ing Allow- Total 
loads empty ances 
pallets 
Man-min. | Man-min. | Man-min. | Man-min. | Man-min. |Man-hours 
5217 28. 34 2. 59 220. 52 51. 45 1. 73 
58.85 32. 98 2. 98 220. 52 56. 48 1.92 
70. 40 47. 69 4.14 | 220.52 72. 35 2. 38 
73. 69 48. 81 4.04 |] 220.52 73. 37 2. 45 
72. 24 44.58 19. 49 2 20. 52 84. 59 2. 61 
89. 63 63. 34 30.55 3 32. 43 126. 32 3. 60 
119; 13 98.15 6. 63 421.54 126. 32 4.09 


3 Includes 12.63 man-minutes per carlot unavoidable delay 
allowance and 19.80 man-minutes per carlot idle time (see 
appendix). 

4 Includes 12.63 man-minutes per carlot unavoidable delay 
allowance and 8.91 man-minutes per carlot idle time (see 
appendix). 


Handling empty pallets is a problem when tubular- 
frame pallets are used. Though the superstructures 
are demountable, they were left attached to the pal- 
lets in the warehouse observed. This meant that only 
two empty pallets at a time were returned to the 
receiving platform. Five times as many trips were 
required compared to the other storage systems, where 
empty pallets can be handled in loads of 10 pallets. 

When 40- by 48-inch, tubular-frame, self-support- 
ing pallets are used for storage and counterbalanced 
forklift trucks for handling, the labor required per 
carlot is 27 percent less than with the smaller tubular- 
frame pallets and straddle trucks (fig. 13). The 
larger unit loads handled on the 40- by 48-inch pallets 
reduce by over 20 percent the number of trips required 
to move a given volume, compared to the smaller 
tubular-frame pallets. An additional factor in the 
lower labor requirements with 40- by 48-inch tubular- 
frame pallets is the greater speed of the counter- 
balanced forklift truck. The work involved in picking 
up and setting down loads is the same because the 
height the loads are lifted is identical. 

The greatest disadvantage of the self-supporting 
pallets studied is the restriction on pallet patterns im- 
posed by the frames fitted to each corner of the pallets. 
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Ficure 10.—Depositing a load in the second tier when the conventional storage method is used. 


The resulting high number of pallet loads per carlot 
equivalent raises the labor requirements. 

The labor requirements for all handling operations 
were highest when standard pallet racks and straddle 
forklift trucks were used. The two factors primarily 
responsible are that the average size of the unit loads 
handled is the smallest of any of the systems observed 
and the average distance transported is the greatest. 
The relatively long transportation distance is due to 
the large number of aisles required because every 
pallet must be adjacent to an aisle. 

Standard pallet racks have one advantage from 
the handling standpoint over all the other systems 
studied. Because every pallet load in storage is next 
to an aisle, there is no need to rehandle loads for stock 
rotation. In warehouses where orders are selected 
directly from storage, rather than from an order- 
assembly area, the greater accessibility of pallet loads 
stored on standard racks could be advantageous. 


Equipment 


The materials-handling equipment included in the 
comparisons consist of forklift trucks, batteries, battery 
chargers, and pallets. Two batteries and one battery 
charger are required for each forklift truck. During 
the day shift, one battery powers the truck while the 
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other battery is being charged. At the end of the day 
shift, the battery is connected to the charger; the other 
battery furnishes power during the night shift. 

At a given level of annual volume, the number of 
forklift trucks required is determined by the daily time 
requirements to perform the work in the operation that 
requires the most time.* The number of pallets re- 
quired is determined by the size of the unit load. 

The analysis of labor requirements (see appendix 
p. 29) shows that one forklift operator for receiving 
and one for assembly would be adequate to handle 
the volume for each of the seven storage systems. Be- 
cause one operator works the day shift and the other 
works the night shift, only one lift truck is required. 

The number of pallets required to handle the volume 
is the number required to store the 15-carlot repre- 
sentative inventory, plus enough to receive an addi- 
tional 4-carlot equivalents. The extra pallets are 
provided to take care of those days when commodities 
are received and none have been shipped during the 
previous night. The average daily volume received 
on pallets is 3.2 carlots at the 1,000-carlot annual 
volume; this was increased to 4 to provide a small 
safety margin. 


‘Note that the most time-consuming operation with all 
systems analyzed is order assembly, including returning pallets. 


— BN—18687 
Ficure 11.—Placing a pallet load in storage in four-tiered 
drive-in pallet racks with a counterbalanced forklift truck. 


In addition, 25 pallets are added to handle pallet- 
ized boxes of bananas. An average of 37.5 pallet loads 
of boxed bananas constitutes 1 carlot for all systems, 
because the same number of boxes are loaded on each 
pallet with all systems. The average daily volume of 
bananas shipped is slightly over 0.5 carlot. 

The pallet requirements in table 5 are based on the 
needs during the assumed 8-month busy season when 
80 percent of the total annual volume is handled. 


Costs 


Labor costs cover the time forklift operators spend 
on pallet-handling operations, including allowances 
for unavoidable delays and changing jobs. The cost 
of time spent on other warehouse activities is not 
included in this study. Equipment costs include the 
costs of depreciation, interest, taxes, insurance, mainte- 
nance, and electrical energy (details in appendix). 

Conventional storage and a counterbalanced truck 
result in the lowest handling costs of all the systems 
observed (table 6). Labor and handling equipment 
costs are 7 percent less than the lowest achieved with 
any of the high-tiering methods of storage, and 45 per- 
cent less than with the standard pallet racks. The 
most economical handling when drive-in pallet racks 
are used is achieved with three-tiered racks and a 
counterbalanced forklift truck. This system results 
in handling costs 41 percent lower than with storage 
on the standard pallet racks. Tubular frame 40- by 
48-inch pallets result in the lowest handling cost of the 
self-supporting pallets, with costs 27 percent lower 
than with the standard pallet racks. 

Labor costs account for a larger portion of the total 
cost, and labor costs are much more variable than the 
handling equipment costs. 


TaBLe 5.—Pallet requirements for an annual volume of 1,000 carlots 


Pallets required: 
Average 
Storage system pallet loads 
per carlot ! To store To receive 
representative) 4 carlots Total ? 
inventory 
Number Number Number Number 
Conventional 40- x 48-inch pallets, conterbalanced trucks...... a 21:5 322 86 433 
3-tiered drive-in racks, 40- x 48-inch pallets, counterbalanced trucks. .... 25.8 387 103 515 
3-tiered drive-in racks, 40- x 48-inch pallets, extendible-fork trucks. ...... 25.8 387 103 515. 
Tubular-frame 40- x 48-inch pallets, counterbalanced trucks............ 35.8 537 143 705 
4-tiered drive-in racks, 40- x 48-inch pallets, counterbalanced trucks.... . . 37.4 561 150 736 
Tubular-frame 40- x 32-inch pallets, straddle trucks.................... 45.9 688 184 897 
Standard pallet racks, 40- x 32-inch pallets, straddle trucks.............. 50. 4 756 202 983 


1 Excluding bananas. 


706-294 O—64——_3 


“2 Includes 25 pallets for banana assembly. 
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Ficure 12.—Setting a load down in storage with an extendible-fork lift truck. 


TABLE 6.—Comparable handling costs per carlot equivalent when specified storage and handling systems are used 


for an annual volume of 1,000 carlots 


Labor Equipment Total 
Storage system cost ! cost 2 handling 
cost 
Dollars Dollars Dollars 
Conventional 40- x 48-inch pallets, counterbalanced trucks...................00205 3.89 2. 85 6.7 
3-tiered drive-in racks, 40- x 48-inch pallets, counterbalanced trucks................. 4. 32 25,93 Zo 
3-tiered drive-in racks, 40- x 48-inch pallets, extendible-fork trucks.................. 5. 36 2. 66 8. 02 
4-tiered drive-in racks, 40- x 48-inch pallets, counterbalanced trucks................. Se Dd 3:15 8. 66 
Tubular-frame 40- x 48-inch pallets, counterbalanced trucks....................0-. 5. 87 3.12 8.99 
Tubular-frame 40- x 32-inch pallets, straddle trucks................02..002.00 2000005 8.10 3.01 Blea 
Standard pallet racks, 40- x 32-inch pallets, straddle trucks..............2...2..0.. 9. 20 oe lal 12531 
1 Based on an assumed cost of $2.25 per hour for forklift operators. 
? Based on total annual cost of handling equipment required divided by 1,000 carlots handled per year. 
STORAGE AND HANDLING COSTS COMBINED 
The total costs in table 7 represent the storage and When three-tiered drive-in pallet racks are used for 
handling costs on a per-carlot-equivalent basis. storage, total costs per carlot are 16 to 18 percent less 
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BN—18684 
Ficure 13.—Transporting a load to storage on a straddle 
forklift truck. 


than when conventional storage is used. The cost 
comparison indicates that a slight advantage exists 
for the counterbalanced truck over the extendible-fork 
truck when used with three-tiered drive-in pallet racks. 
For all practical purposes they can be considered 
equivalent. Four-tiered racks and a counterbalanced 
truck resulted in costs about the same as with con- 
ventional storage. 

The high cost of handling, added to storage costs 
that are about the same as those for conventional stor- 
age, resulted in a high total cost for standard pallet 
racks and a straddle forklift truck. This system re- 
sulted in the highest costs of all the systems studied. 
The two systems employing tubular-frame pallets show 
considerable improvement compared to standard pal- 
let racks. However, costs are still higher than with 
conventional storage and a counterbalanced truck. 
Conventional storage is competitive with these systems 
despite high storage costs because handling costs are 
the lowest observed. 


TaBLE 7.—Comparable storage and handling costs per carlot equivalent when specified storage and handling 
systems are used for an annual volume of 1,000 carlots 


Storage Handling 
carla. AP nese Total 
Storage system comparable 
Area Cost 1 Labor 2 Cost 8 cost 
required required 
Sq. ft. Dollars Man-hours Dollars Dollars 
3-tiered drive-in racks, 40- x 48-inch pallets, counter- 
Ibalancednirucksi tied hisic ene ponent ahs inte we bie 3, 669 5. 74 1.92 eer Ac) 12.99 
3-tiered drive-in racks, 40- x 48-inch pallets, extendible- 
fOrkwtrucksi! Ais widths, ls aprenden meena Se a 3, 280 5. 24 2. 38 8. 02 13. 26 
4-tiered drive-in racks, 40- x 48-inch pallets, counter- 
balanced: trucksts./f13 tas eaten ctaute ties ee att, (cates 4, 206 6.92 2.45 8. 66 15. 58 
Conventional 40- x 48-inch pallets, counterbalanced 
UICKS io 5 ea cy ies in Plone ttt oun ie ih Miee ta lela diwlnue, Reon ansaid d 7, 100 9.09 1.73 6. 74 15. 83 
Tubular-frame 40- x 48-inch pallets, counterbalanced 
PRUICK Si Basie Sistah oats at Sechea OREN a necator cms: Seve tay sit on 4, 845 8.10 2. 61 8.99 17. 09 
Tubular-frame 40- x 32-inch pallets, straddle trucks... ... 3, 698 7.14 3. 60 os a i 18. 25 
Standard pallet racks, 40- x 32-inch pallets, straddle 
EEUGKS ie fa. eyie caine oeiorei ak ore soars, 6 EBERT RETO eens erence rans 6, 556 9.11 4.09 12. 31 21. 42 


1 Includes costs of warehouse area plus tiering devices 
allocated over 844 carlots per year moving through general 
and cold storage. 


2 Includes labor required for receiving, rehandling, as 
sembly, and returning empty pallets. 

3 Includes labor cost plus handling equipment cost allocated 
over 1,000 carlots per year shipped out. 


INITIAL INVESTMENT 


Table 8 is a tabulation of the initial costs of the 
plant and equipment for the 7 storage systems at an 
annual volume of 1,000 carlots. The systems requir- 
ing the lowest initial investment are the two that use 


three-tiered drive-in pallet racks. The saving com- 
pared to conventional storage amounts to almost 
$26,000 with a counterbalanced truck and to over 
$31,000 with an extendible-fork truck. 
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TABLE 8.—Initial investment requirements when specified storage and handling systems are used for an annual 
volume of 1,000 carlots 


Storage system 


3-tiered drive-in racks, 40- x 48-inch pallets, extendible-fork trucks... . 
3-tiered drive-in racks, 40- x 48-inch pallets, counterbalanced trucks.... 
Tubular-frame 40- x 32-inch pallets, straddle trucks............ 
4-tiered drive-in racks, 40- x 48-inch pallets, counterbalanced trucks.... 
Tubular-frame 40- x 48-inch pallets, counterbalanced trucks........... 
Conventional 40- x 48-inch pallets, counterbalanced trucks............ 
Standard pallet racks, 40- x 32-inch pallets, straddle trucks............ 


1 Includes only the area required for storage and aisles pro- 
viding access to storage. 
2 Includes installation of pallet racks. 


Warehouse Tiering Handling Total 
area | devices ? equipment 3 | investment 
Dollars Dollars Dollars Dollars 
32, 800 8, 100 9, 902 50, 802 
36, 690 8, 100 11, 548 56, 338 
arent 36, 980 10, 316 11, 016 58, 312 
42, 060 11, 900 12, 321 66, 281 
48, 450 8, 108 12, 212 68, 770 
71, 000 0 11, 260 82, 260 
65, 560 5, 600 11, 274 


82, 434 


3 Includes forklift trucks, batteries, battery chargers, and 
pallets. 


INTERNAL WAREHOUSE EXPANSION 


Wholesalers currently using 40- by 48-inch pallets, 
counterbalanced forklift trucks, and conventional 
storage can increase the storage capacity in their ware- 
houses, for all fruits and vegetables except bananas, 
two-thirds or more by installing drive-in racks in which 
pallets can be tiered three-high. Eighteen feet of 
clear vertical space would have to be available in order 
to tier pallets three-high in racks. In the discussion 
of the conventional method given earlier, it was estab- 
lished that a combined total of 7,100 square feet of 
floorspace would be required for the general, wet-cold, 
and dry-cold storage areas. Because these areas were 
sized for the conventional storage system, the dimen- 
sions do not fully meet the needs of a rack installation, 
and some space cannot be fully used. Even so, con- 
verting from the conventional method to racks would 
provide a two-thirds increase in storage capacity. In 


some warehouses this increase could be greater, in 
others it could be less, depending upon the dimensions 
and shape of the storage areas and the service aisles 
that might be required. 

A wholesaler whose annual business volume in- 
creases from 1,000 to 1,300 carload equivalents would 
be crowded for storage space if he used the conven- 
tional pallet storage system. If the ceiling height in 
his warehouse was adequate, the needed storage capac- 
ity could be provided by installing three-high pallet 
racks in place of the conventional storage system. In 
addition, as much as 2,100 square feet of floorspace 
would be released for other warehouse operations. 
(This figure would be reduced by any aisle space re- 
quired.) This would make sufficient space available 
for an additional banana-ripening room, supply stor- 
age, or for packaging operations, if the shape and 
location of the released space was suitable. 


ANNUAL VOLUMES OF 2,000 AND 3,000 CARLOTS 


Handling and storage costs for the 3-tiered drive-in 
rack systems were compared to those of the conven- 
tional system at annual volumes of 2,000 and 3,000 
carlots. 

In estimating costs at annual volumes of 2,000 and 
3,000 carlot equivalents, it was assumed that the 
volume handled is the only business characteristic that 
is changed. The rate of turnover is still approximately 
80 times per year, and the representative inventory 
remains a constant percentage of the annual volume. 
The required storage capacities would be 30 carlots for 
2,000 carlots per year, and 45 carlots for 3,000 carlots. 
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Warehouse area requirements were determined in 
the same manner used in the basic comparisons at the 
1,000-carlot-equivalent annual volume. Room lay- 
outs were developed for each storage area, and the 
total area of these rooms represented the area required 
for storing 84.4 percent of the total volume (commodi- 
ties other than bananas). For storage on pallet racks, 
the annual cost of the racks per pallet stack of capacity 
was assumed to be relatively constant at annual vol- 
umes of 1,000-carlot equivalents and above. Ware- 
house area costs were computed at the assumed rate 
of $1.08 per square foot per year. 


In estimating the handling costs at the higher vol- 
umes, it was assumed that the productive labor re- 
quired per carlot equivalent would be the same as 
at the 1,000-carlot annual volume. Allowances for 
unavoidable delay and changing jobs, however, are 
divided by larger average daily volumes,’ so that labor 
requirements per carlot equivalent at annual volumes 
of 2,000 and 3,000 carlots are lower than 1,000 carlots. 

At 2,000 carlots per year, 2 forklift operators (one 
for receiving and one for assembly) can handle the 
volume. The same is true of the two systems em- 
ploying counterbalanced forklift trucks when the 
volume is 3,000 carlots per year. When the extend- 
ible-fork lift truck is used, a second forklift opera- 
tor is required for order assembly. 

Total storage and handling costs per carlot equiva- 
lent for annual volumes of 2,000 and 3,000 carlots are 


*In allocating allowances on a per carlot-equivalent basis, 
the following average daily volumes during the busy season 
were used: (1) 2,000 carlots per year—6.4 carlots received 
and 7.6 carlots assembled; (2) 3,000 carlots per year—9.6 
carlots received and 11.4 carlots assembled. Palletized boxed 
bananas account for the added volumes assembled. 


given in tables 9 and 10. The ranking of the 3 storage 
systems is the same at the 2 higher volumes as at 
1,000 carlots per year. Storage on three-tiered drive- 
in pallet racks results in substantial savings compared 
to conventional storage, with little difference between 
use of counterbalanced or extendible-fork trucks. 
Savings over the conventional storage system amount 
to 18 percent at both the higher volumes when coun- 
terbalanced trucks are used. 

At annual volumes of 2,000 and 3,000 carlots, the 
total costs for storage and handling per carlot equiva- 
lent for all 3 systems are lower than costs for 1,000 
carlots. Labor and handling equipment costs are less 
because they are spread over larger annual volumes. 
The additional truck required for 3,000 carlots in the 
system using extendible-fork trucks still does not raise 
the equipment cost per carlot to the level incurred at 
the 1,000-carlot volume. Storage costs of the rack 
systems are about 6 to 8 percent higher per carlot 
equivalent at the higher volumes because a greater 
proportion of aisle space is required as the storage 
areas are increased in size. 


TaBLE 9.—T otal storage and handling costs per carlot equivalent on annual volume of 2,000 carlots 


Storage costs Handling costs 
Total 7 Labor _| Total 
Storage system area required cost 
required) Area Tiering Total Labor Equip- Total 
devices ment 
3-tiered drive-in racks, 40- x 48- 
inch pallets, counterbalanced | Sq. ft. | Dollars Dollars Dollars | Man-hours | Dollars Dollars Dollars | Dollars 
PRUCKSiy co hh idechs, sage ova suetounee rans 7, 987 5. 11 1. 03 6. 14 1.54 3.47 1.95 5. 42 11. 56 
3-tiered drive-in racks 40- x 48- 
inch pallets,  extendible-fork 
EGUCKS on ege tin tb sony cseeok eaatentiate 7, 202 4.61 1. 03 5. 64 2.02 4.54 1.79 6. 33 11. 97 
Conventional 40- x 48-inch pallets, 
% in 1 tier, 4% in 2 tiers, 
counterbalanced trucks........ 14, 293 0 et a eee 9.14 1.35 3. 04 1. 86 4. 90 14. 04 


TasLE 10.—Total storage and handling costs per carlot equivalent on annual volume of 3,000 carlots 


Storage costs Handling costs 
Total Labor Total 
Storage system area required cost 
required| Area Tiering Total Labor Equip- Total 
devices ment 
3-tiered drive-in racks, 40 x 48- 
inch pallets, counterbalanced | Sq. Ft. | Dollars Dollars Dollars | Man-hours | Dollars Dollars Dollars | Dollars 
trucks iis oe hail. eadenais cut oleae 11, 909 5. 08 1. 02 6.10 1. 41 3517 1. 48 4.65 10. 75 
3-tiered drive-in racks 40 x 48- 
inch pallets, extendible-fork 
EDUICKS Het Pee teeta GUL Phu nea tabe smn, 10, 347 4. 41 102 5. 43 2. 07 4. 66 2. 21 6. 87 12. 30 
Conventional 40 x 48-inch pallets, 
1% in 1 tier, 4% in 2 tiers, counter- 
balanceditrucksi sive aa hea 20, 583 BBE Wey hls oa < 8. 89 1:29 2. 90 1.39 4. 29 13.18 
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SELECTING A SYSTEM 


Storage on three-tiered drive-in pallet racks is the 
most economical system studied for a fruit and vegeta- 
ble wholesale warehouse with characteristics similar 
to those used in making these analyses. At annual 
volumes of 1,000 and 2,000 carlot equivalents per 
year, the difference in cost between using a counter- 
balanced or an extendible-fork truck (for handling) 
is small. Savings, compared to conventional storage, 
amount to approximately 18 percent in total cost per 
carlot. Ata volume of 3,000 carlots per year, the use 
of counterbalanced trucks results in similar savings, 
but the extendible-fork truck results in savings of less 
than 10 percent. 

The savings realized when three-tiered drive-in pal- 
let racks are used might be improved with racks de- 
signed to hold larger loads. Greater vertical clear- 
ances between tiers and greater horizontal clearances 
between upright frames would permit unit loads closer 
to the capacity of the handling equipment than with 
the rack installation observed. This would result in 
fewer pallet loads being stored and fewer trips being 
required to handle the volume. These two advan- 
tages would have to be measured against the disad- 


vantage that each stack of pallets would require more 
space. 

Analysis of the costs and of the methods of estimat- 
ing them points up the need for choosing an effective 
storage and handling system before constructing the 
warehouse. Through advance planning, the fruit and 
vegetable wholesaler can cut storage and handling 
costs by as much as 18 percent with the use of drive-in 
pallet racks for storage as opposed to the use of a con- 
ventional storage system. 

The final decision as to which storage and handling 
system will be used should be based on careful esti- 
mates of the results to be expected from each system. 
All recommendations should be viewed within the 
circumstances surrounding the particular warehouse 
involved. Using the methods given in this report, 
adjustments can be made in the handling costs to re- 
flect different wage rates. The area requirement 
could be estimated for storage volumes or pallet sizes 
other than the ones used here. The differences and 
similarities between individual businesses and the con- 
ditions assumed in this report should be considered 
carefully. The effects of the differences should be 
estimated and included in drawing conclusions. 


ADDITIONAL FACTORS THAT CAN AFFECT COSTS 


Elimination of Rehandling 


In the preceding basic cost comparisons the cost 
of rehandling for stock rotation was included in han- 
dling costs. Rehandling would be necessary when 
space in a partially filled lane in a storage bay is 
needed to store incoming fresh commodities. (Lane, 
in this report, means a single line of pallets running 
the depth of the bay; see fig. 15.) The older stock 
already in the lane would be removed, the new stock 
placed in the lane, and the old stock replaced in the 
lane in the spaces nearest the aisle where it would be 
used first. 

When there are enough empty lanes available to 
store all incoming stock there would be no need for 
stock rotation. Therefore, rehandling can be prac- 
tically eliminated by providing enough storage space 
so that partially filled lanes would not be needed. 
Labor requirements for rehandling were based on one 
lane for each carlot received. (See appendix.) The 
minimum numbers of additional lanes required to 
eliminate rehandling would be seven in general stor- 
age, six in dry-cold storage, and four in wet-cold 
storage. Whether or not the minimum number of 
lanes or more than the minimum is added to the lay- 


22 


out depends on the number required and the number 
of access aisles. 

A comparison between the costs of the additional 
warehouse area required and the labor required for 
rehandling was made to determine which alternative 
is more economical. Handling equipment costs do not 
enter into the analysis because only one forklift truck 
is required for each system. Eliminating rehandling 
cannot reduce equipment requirements and costs any 
further. 

For all the storage and handling systems observed, 
it was found that, at an annual volume of 1,000 car- 
lots, rehandling for stock rotation is more economical 
than providing additional storage area to eliminate 
rehandling (table 11). At most, rehandling costs only 
$0.22 per carlot, whereas the cost of additional storage 
space ranges from $0.89 to $1.98 per carlot. 

Rehandling should be avoided, of course, if it is 
possible to do so without increasing other costs. In 
planning a new warehouse, an operator may find that 
components of the warehouse other than storage areas 
need to be larger than the minimum. Then it may 
be possible to work into the warehouse design, without 
increasing the cost of construction, storage area lay- 
outs that provide sufficient capacity to eliminate 
rehandling. 


TABLE 11.—Com parison of cost of rehandling with cost of additional storage space required to eliminate rehandling 
(annual volume 1,000 carlots) 


Rehandling Storage space required to climinate rehandling 
Storage system : 
Labor Cost per Area Annual | Annual cost | Total cost 
required carlot? | required 3| cost ot of tiering per 
per carlot ! area 4 devices carlot 5 
Man-hrs. Dollars Sq. ft. Dollars Dollars Dollars 
Tubular-frame 40- x 32-inch pallets, straddle trucks. 0. 06 0. 14 696 TOD ta cs Beas iose 4 0. 89 
Tubular-frame 40- x 48-inch pallets, counterbal- 
ANCE tLUCksis i 2,, Rondicn aly © SSE seat teel ares genoa gies - OF . 16 1,152 DS DAA els, &. 3, otuted erate 1.47 
Conventional 40- x 48-inch pallets, counterbal- 
AT CECA CK Sica ane cass eieeceeen IER Read coe tents anise adit es ed . 02 205 1; 154 1 24S |e anda's aan os 1. 47 
3-tiered drive-in racks, 40- x 48-inch pallets, ex- 
téendible=lork trucks.) f 040. Ghats toe ta oe Mien . 09 . 20 1, 048 1, 132 284 1. 68 
3-tiered drive-in racks, 40-x 48-inch pallets, coun- 
terbalanced: tuucks.... cc scueset mesiy pees eee. hones .07 .16 1,172 1, 266 284 1. 84 
4-tiered drive-in racks, 40- x 48-inch pallets, coun- 
terbalanced: truckstcies.: esa nase n ee + .10 22 1,215 1, 312 361 1. 98 


1 See tables 18 and 23, appendix. 
? Based on a labor cost of $2.25 per man-hour. 
3 See appendix for details. 


Combined Cold Storage 


Most present-day fruit and vegetable wholesale 
warehouses have cold storage separated into at least 
two distinct categories: Dry cold and wet cold. Re- 
cently, there has been a trend to combine all cold 
storage into a single room with a view toward lower- 
ing construction costs and simplifying the overall 
warehouse layout. Modern packaging, short storage 
periods, and accurate control of temperature at 
32° F. make such consolidation of cold-storage areas 
practical from the standpoint of product quality 
maintenance. 

An analysis of area requirements for separate versus 
combined cold storage, based on three-tiered drive-in 
pallet rack storage with a counterbalanced forklift 
truck, indicates that, when efficient layouts are used, 
no significant reduction in area is achieved by com- 
bining the two rooms (table 12). The total wall area, 
however, would be reduced by 588 square feet by 
eliminating the wall separating the rooms, and the 
number of doors required would be reduced from 
four to two (fig 14). The volume stored is the same, 
and the outer wall surface exposed to higher tempera- 
ture air in adjacent areas is about the same in either 
case. Because in the separate rooms the temperatures 
maintained are the same and the humidity levels are 
within 5 percent of each other, there would be no 
difference in refrigeration requirements. Some sav- 
ing in piping might be possible with the combined 
cold-storage room, but this was not investigated. 


4 Based on average cost of $1.08 per square-foot per year. 
5 Based on 844 carlot equivalents moving through general 
and cold storage. 


TABLE 12.—Area requirements for separate and combined 
cold storage when 3-trered drive-in pallet racks and a 
counterbalanced forklift truck are used for an annual 
volume of 1,000 carlots 


Cold storage Storage | Width | Depth Area 
arrangement capacity 
Pallet Square 
Separate: stacks feet 
Dry-cold room.... 50 46'1"’ 28/5"" 1, 310 
Wet-cold room... 30!) 2779" 28/57" 789 
Total... BOF Neate nck lema’s dacs 2, 099 
Combined single ‘cold 
VOOM: (ac Fassidety ae os 80) | 73/7" | .28%5? 2, 091 


Pallet Orientation 


The pallets used in the storage and handling systems 
observed that used counterbalanced or extendible- 
fork lift trucks were 40 inches long (stringer length) 
by 48 inches wide (deck board length). This pallet 
is termed 40- by 48-inch and is in general use now. 
The reverse of these dimensions is termed a 48- by 
40-inch pallet. 

When 40- by 48-inch pallets are placed in storage, 
the longer dimension is parallel to the access aisles. 
So, aisles are longer with this pallet than for the 48- 
by 40-inch pallet. 

In storage and handling systems where counter- 
balanced forklift trucks (10.5-foot aisles) are used, 
access-aisle area can be reduced by as much as 6 square 
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SEPARATE AND COMBINED COLD STORAGE ROOMS 
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feet per lane by using 48- by 40- rather than 40- by 
48-inch pallets. The floor area required for pallet 
storage would be unchanged, but dimensions of the 
area would change. 

The room width would decrease, thus reducing the 
aisle length by 8 inches for each lane required. The 
aisle width is increased to 11 feet because of the in- 
creased pallet length, but the total aisle area per lane 
is reduced. This can be illustrated by the fact that for 
each 48-inch pallet width 42 square feet of aisle area 
is required. With the 40-inch width parallel to the 
aisle, 36 square feet of aisle area is required. This 
reduction of 6 square feet in aisle space would apply 
to each lane needed, since the same clearances would 
be required for either pallet orientation. 


When pallet orientation is changed for the conven- 
tional method the floor area required would be 306 
square feet less than the 7,100 square feet originally 
required. This would represent a reduction in the 
investment in storage space of $3,050. In addition to 
the advantage of reduced aisle area when 48- by 
40-inch pallets are used, it would also be possible to 
place four more pallets on each of the two order- 
selection lines adjacent to an 80-foot-long belt con- 
veyor, thus making a greater variety of items, in pallet 
quantities, available to the order selectors. “Twenty 
pallets 48 inches wide could be positioned beside an 
80-foot conveyor while 24 of the 40-inch width could 
be positioned in the same space. 


APPENDIX 


Research Methods and Techniques 


The methods and equipment analyzed in this report 
were studied in six wholesale fruit and vegetable ware- 
houses during normal working hours under actual op- 
erating conditions. Data were collected to measure 
the warehouse area required for storage, and the labor 
and handling equipment required for moving loads 


into and out of storage. 
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Dimensions of pallet loads, pallet racks, self-sup- 
porting pallets, and clearances in storage are based on 
actual physical measurements taken in the warehouse. 
Sales records, inventory statistics, and records of re- 
ceipts were studied to gain knowledge of turnover 
rates and storage periods. Pallet-loading data for 
conventional storage and commodity distribution data 
were adapted from other research studies.® 


° See preface. 


Patterns for pallet racks and self-supporting pallets 
were developed from published data.’ 

Time study was used to measure labor and handling 
equipment inputs. As the handling operation pro- 
gressed, a trained observer recorded the elapsed time 
for each element of work. An estimate of the worker’s 
effort level was made to reduce the chance for bias, 
because workers observed in one location might work 
at a consistently faster rate than workers in another 
location. The effort level was recorded as a percent 
of the normal pace. The normal pace, assigned a 
value of 100 percent, is the rate at which a trained, 
conscientious worker would be expected to perform 
his assigned duties under good working conditions. 
An effort level greater than 100 percent meant that 
the worker was working faster than the normal pace, 
and an effort level less than 100 percent indicated 
that he was working at a rate slower than normal. 
The percentage of the effort level was multiplied by 
the observed time to arrive at the “base” time. An 
allowance was added to determine the “productive” 
time. The allowance was added to provide time for 
personal needs and to recover from fatigue. Cost cal- 
culations were made using labor and equipment re- 
quirements based on the productive times. 


Storage and Tiering Device Cost Data 


Annual storage space costs (table 13) are based on 
those of a typical modern service wholesale ware- 
house. The warehouse is a single-story, steel-frame 
building. Exterior walls are masonry. Interior par- 
titions are concrete masonry and wood stud. Floors 
are concrete with a nonskid finish. Exterior and in- 
terior walls around refrigerated rooms and rooms with 
controlled temperature or humidity are insulated. 


TaB_e 13.—Annual cost to own and maintain a ware- 
house with an initial cost of $101 per square foot 
and an expected life of 30 years 


Item Cost per 
square foot 


Dollars 
DEPreciation 2-48 sickle iste. ance oe eee oi 0. 33 
Average interest at 5 percent................ 225 
Insurance and taxes at 4 percent............. . 40 
Maintenance'at Ipercents: ¢ Ps... bitten ote oe . 10 
PROC AL econ tes Racks ce core moet ee Nee 1. 08 


1 Based on experience of members of United Fresh Fruit & 
Vegetable Association. 
? Straight-line depreciation. 


*Goldweitz, Saul. The Palletizer—Pallet Pattern Selec- 
tion Guide. Modern Materials Handling, 12 pp., illus., 1951. 


Refrigerated rooms account for approximately 12 per- 
cent and conditioned rooms about 8 percent of the 
total warehouse space. An estimate, based on the ex- 
perience of wholesale distributors, indicates an initial 
cost of about $10 per square foot. This figure includes 
facility construction, and refrigerating, heating, and 
electrical equipment. It does not include the purchase 
price of the land, site preparation, the materials-han- 
dling equipment, or the cost of tiering devices. 

The pallet racks studied were constructed of com- 
mercially available standard rack components. Typi- 
cal rack components are upright frames, shelves, hori- 
zontal beams or “runners,” brackets for attaching 
horizontal members to uprights, top bars for connect- 
ing upright frames, and row connectors. The quan- 
tity and size of each component were determined from 
the layout data in the following section. The cost 
figures in table 14 represent the total cost of each 
pallet rack installation for all three storage areas (gen- 
eral, dry cold, and wet cold). 

Costs of pallet racks in 1962 were obtained from 
equipment manufacturers, distributors, and manufac- 
turers’ associations. The depreciation period (ex- 
pected useful life) was suggested by the manufactur- 
ers, and also reflects the depreciation periods usually 
used in computing Federal taxes. 

The cost of the racks and their installation (table 
14) should be considered average, because these costs 
can vary widely for different quantities and from one 
location to another. Warehousemen can obtain more 
specific cost estimates from local distributors. 

The annual cost of tubular frames for 40- by 48-inch 
or 40- by 32-inch pallets is based on an initial cost of 
$1,150 for 100 frames, an expected useful life of 10 
years, and the following annual ownership and main- 
tenance costs, per 100 frames: 


Depréciation .2=<2 2225.32 es esos $115. 00 


Interest'at 5. percent______.._.___~-_ 31.62 
Insurance and taxes at 4 percent-___ 46.00 
Maintenance =—2.—-~—_- 2 34. 50 

MO tala a he 227.12 


Determining Floor Area Requirements 


The number of square feet of storage space re- 
quired in a wholesale warehouse depends on several 
factors. The more important of these are: 

* the amount of inventory planned; 
the size of the unit loads; 

* the height to which commodities are tiered; 

* the widths of the aisles needed; and 

* the clearances provided for ease of handling. 

In determining the amount of inventory to be pro- 
vided for in storage, a number of assumptions were 
They are: 


made. 
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Tas_e 14.—Annual cost to own and maintain specified types of pallet rack installations for an annual volume of 
1,000 carlot equivalents when the expected useful life is 30 years 


Initial cost Annual cost 
Pallet rack installation 
Installa- Deprecia- | Interest Insurance Mainte- 
Matcrials tion Total tion 5% and taxes nance Total 
4% 

3-tiered standard pallet racks for 

40- by 32-inch pallets......... $5, 300 $300 | $5, 600 $187 $145 $224 $56 $612 
4-tiered drive-in pallet racks for 

40- by 48-inch pallets (rehan- 

dling for stock rotation)........ 11, 445 455 | 11, 900 397 307 476 119 1, 299 
3-tiered drive-in pallet racks for 

40- by 48-inch pallets (rehan- 

dling for stock rotation)........ 7, 840 260 8, 100 270 209 324 81 884 
4-tiered drive-in pallet racks for 

40- by 48-inch pallets (additional 

space to eliminate rehandling) . . 14, 710 490 | 15, 200 507 393 608 152 1, 660 
3-tiered drive-in pallet racks for 

40- by 48-inch pallets (additional 

space to eliminate rehandling) . . 10, 290 410 | 10, 700 357 276 428 107 1, 168 


1. Inventory turnover was 80 times per year or ap- 
proximately once each 41% days. 

2. Space was provided to store a 41/-day inventory 
(15 carlots). The inventory was assumed to be a 
composite of all commodities handled. The 
quantities of each commodity in the inventory 
were based on the ratio of the annual volume 
for that commodity to the total annual volume 
for all commodities. It was also assumed that 
as the seasons changed, the space allocated to an 
out-of-season item would be required for those 
in-season items that were being handled in 
greater than average quantities. 

3. Eighty percent of the total volume was handled 
in an 8-month “busy” season. 

4. In analyzing different business volumes, the vol- 
ume of each commodity remained the same in 
relation to the total volume. For example, po- 
tatoes always accounted for 25 percent of the 
carlot equivalents handled per year. 

5. The volume of each commodity making up the 
equivalent inventory for a business volume of 
1,000 carlots per year is shown in table 15. 


Because bananas are stored in special banana- 
ripening rooms, they are excluded from the area re- 
quirements calculations that follow. Bananas account 
for 15.6 percent, or 156 carlot equivalents, when the 
annual volume is 1,000 carlot equivalents. 

Righty percent of the 844 carlot equivalents stored 
on pallets are handled in the 8-month busy season 
(35 weeks). The average weekly volume during this 
period is 19 carlot equivalents, excluding bananas. 
With a 6-day workweek, the equivalent inventory 
(42-day supply) to be provided for would be 41 
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Ficure 15.—Storage area layout patterns for conventional, 
self-supporting pallet, and drive-in pallet rack storage. 


times one-sixth of the weekly volume, or 14.3 carlots. 
This figure was increased to 15 carlot equivalents to 
provide for upward fluctuations over the average 
inventory. 

Pallet patterns were designed to fit within the re- 
strictions imposed by each storage method. The num- 
ber of pallet loads required to store the representative 
inventory was divided by the tiering height to de- 
termine the number of pallet “stacks” required. (A 
vertical column of pallet loads is referred to as a pallet 
“stack,” even though in some storage methods the 
loads are not actually stacked atop one another.) The 
number of pallet stacks for annual volumes other than 
the 1,000-carlot-per-year volume can be determined 
by raising or lowering the numbers of pallet spaces re- 
quired in the same proportion as the change in annual 
volume. 

After the numbers of pallet stacks required had been 
decided, criteria were chosen to determine corre- 
sponding floor area requirements. It was decided 
that each of the three storage areas would occupy a 
single room in the warehouse and that only the areas 
of these rooms would be included. A layout pattern 
to be used within the storage rooms was chosen to be 
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Ficure 16.—Storage area layout patterns for standard pallet 
rack storage. 


applied to all storage methods. A further restriction 
was that no room would be more than three times as 
long as it was wide, or vice versa. This restriction was 
added to prevent storage area requirements from be- 
ing based on storage room layouts that are excessively 
long and narrow. Otherwise, all storage rooms would 
have but one access aisle with all pallets lined up 
along either side of it, because this pattern would 
always result in the minimum area required. If some 
restrictions were not placed on how long and narrow 
storage areas could be, one room would be 13 feet 
deep by 185 feet wide. The layout patterns used 
for conventional storage, self-supporting pallets, and 
drive-in pallet racks are shown in figure 15. Storage 
area layout A was used if the required number of 
pallet stacks was low enough to permit a room width 
no greater than three times the room depth. If the 
number of pallet stacks required was higher than this, 
storage area layout B was used. Bay depth for each 
access aisle averages five rows. 

The layout patterns used for storage on standard 
pallet racks are shown in figure 16. Storage area 
layout C was used when the number of lanes needed 
to provide the required number of pallet stacks was 
such that room width was no more than three times 
the room depth. When this capacity was exceeded, 
storage area layout D was used to bring the shape of 
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Ficure 17.—Basic dimensions for conventional and 40- by 
48-inch self-supporting pallet storage. 


27 


Taste 15.—Pallet stacks required to store a 42-day inventory (15 carlot equivalents) of 


Conventional storage on 40- x 48-in. 


Storage on 40- x 48-in. 


pallets self-supporting pallets (3 tiers) 
Com- 
Commodity and storage area modity 
volume ! 

Weight Pallet Tiering Pallet | Weight | Pallet Pallet 

per loads height stacks per loads stacks 
pallet required required| pallet | required| required 

Pallet Pallet 

General: Pounds Pounds Pallets | Pallet loads | stacks Pounds | Pallets stacks 
1 Cantalowpsind 35 Satis hoc: 8, 415 1, 700 5 2 3 1, 020 8 3 
2 emionsi) oe ee ssvaievetotnayatesatra ees 7, 200 1, 600 5 2 3 800 9 3 
3 Onions ss tle el ee cee 13, 500 2, 000 a 1 7 750 18 6 
4 Potatoes: vis. és). edule ot 165, 600 2, 000 83 1 83 1, 500 110 37 
5 Sweetpotatoes:: ...ci0 feed aan 6, 600 1, 100 6 i] 6 660 10 4 
6 WOMAatOes 2 ecsnihs cet teapecuee eres 9, 280 1, 536 6 2 3 1,120 8 3 
di Wiatermelons) 52.72. sche as 12, 672 1, 200 11 2 6 908 14 5 
8 Otheri2ie Aenea mcceet Aaeeaae 16, 960 1, 200 14 1 14 908 19 7 
9 Subtotals kk cote ee DAO 227. erecta Yin eeeciree tre: PAS lakers eee 196 68 

Dry cold: 
10 PNP PIES itr. 2 Saavsseieie thes tus ae aes a 31, 200 1,750 18 2 9 | 1,000 31 11 
11 Grapeiruitivecn<qhise cic 21, 600 1, 600 14 2 7 800 27 9 
12 Grapes esc jaic-siciaieint aieanenenssonn 8, 448 1, 536 6 2 3 960 9 3 
13 Wettice st Janatisckea stare es 55, 356 1, 260 44 2 22 504 110 37 
14 @rangests weitere ae es 26, 000 1, 600 16 2 8 800 33 11 
15 Peachesienieicn cat men Aceiane 4, 620 1, 100 4 1 4 660 il 3 
16 Other rs Go ane hee hae oe 15, 729 1, 500 10 1 10 15-135 14 5 
17 Subtotals. side cc kent acideoas £G2 9598) Cx Aelscepene cu 1 all ences irene OSml hearers 231 79 
Wet cold: 

18 Cabbage weit ahs sae Grea 22, 000 1, 000 22 1 22 600 3i/ 13 
19 CATT O US taco alse hee a a a 17, 850 1, 750 10 2 5 1, 000 18 6 
20 Celery so ienctsa anmenentve ericteayekogeeie 20, 160 1, 080 19 2 10 720 28 10 
21 COrn ee ciei sca aims once aaa eens 7, 250 1, 200 6 2 3 | 1,000 7 3 
22 Other 2. ccs eke ea eee te 16, 050 1, 000 16 1 16 757 21 7 
23 Subtotals... Vaslare ade te BAA 310 ert one (fey \eiepeceeieere 5Oullinceetery: 111 39 
24 Dotal?...2.245 SeAse peau 486, 490 $4,514 SOD aR sseseea 244 3 904 538 186 


1 Inventory data for a wholesale fruit and vegetable business 
with an annual volume of 1,000 carlot equivalents with an 
average turnover rate of 80 times per year. For additional 
details on the development of these figures, see Bogardus, R. K., 


the storage area within the 3-to-1 limitation. The 
average storage bay depth in layouts C and D is two 
rows per access aisle. 

These standardized layout patterns were used to de- 
termine the exact layout for each storage room that 
would provide the required capacity within the min- 
imum area, subject to the limitation on shape. Di- 
mensions of storage rooms are based on the dimensions 
of rows, access aisles, and lanes shown in figures 17-21 
for the various storage systems. If a room contains 
a service aisle, the width of the aisle is: (1) 10 feet 
6 inches if a counterbalanced truck is used; (2) 7 feet 
if a straddle truck is used; and (3) 9 feet 6 inches if 
an extendible-fork truck is used. 

As an example, the layout for the general storage 
room for the conventional system was determined by 
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Wholesale Fruit and Vegetable Warehouses: Guides for Lay- 
out and Design. U.S. Department of Agriculture Marketing 
Research Rept. 467, 41 pp., illus. 1961. 

2 Average data. 


the following method. The required storage capacity 
is 125 pallet stacks. Dividing this figure by the total 
number of rows (5) in storage area layout A (fig. 15) 
indicates that storage bays 25 lanes wide would pro- 
vide this capacity. Lane width (fig. 17) is 4 feet 
6 inches (pallet load width is 4 feet 4 inches), so the 
room would be 112 feet 4 inches wide and 28 feet 
5 inches deep. (Room depth per access aisle shown 
in fig. 17.) This results in a room more than three 
times as wide as it is deep, so storage area layout B 
was used. Dividing the total of 10 rows in storage 
area layout B into the 125 pallet stacks required indi- 
cates that storage bays 13 lanes wide would provide 
the required capacity. Room width is then 68 feet 
10 inches, including 10 feet 6 inches for the service 
aisle, and room depth is 56 feet 10 inches. 


fruits and vegetables, by commodities and storage areas, when specified storage methods are used 


Storage on 40- x 32-in. self- | Storage on 3-tiered standard | Storage on 4-tiered drive-in |Storage on 3-tiered drive-in 
supporting pallets (3 tiers) pallet racks—40- x 32-in. pallet racks—40- x 48-in. pallet racks—40- x 48-in. 
pallets pallets pallets 
Weight | Pallet “Pallet Weight | Pallet Pallet | Weight Pallet Pallet | Weight | Pallet Pallet 
per loads stacks per loads stacks per loads stacks per loads stacks 
pallet | required | required | pallet | required} required | pallet | required | required | pallet | required | required 
Pallet Pallet Pallet Pallet 
Pounds Pallets stacks Pounds | Pallets stacks Pounds Pallets stacks Pounds Pallets stacks 
765 11 4 765 11 4 850 10 3 1, 700 5 2 1 
800 9 3 600 12 4 960 8 2| 1,600 5 2+), 2) 
500 27 9 600 23 8 1, 000 14 4 | 1,250 11 4| 3 
1, 000 167 56 800 207 69 | 1,200 138 35 | 1,500 110 37 | 4 
660 10 4 660 10 4 440 15 4 880 8 2) | |. 5 
800 12 Aol As 152 8 3 960 10 3 | 1,344 7 3] 6 
603 21 el 507 25 9 695 18 5 | 1,100 12 4| 7 
603 28 10 507 35 12 695 24 6 1, 100 15 5 | 8 
Bue ka dene 285 OT Alladiesaas2 331 il ee a ee ee 237 62) ls bactutes 173 60; 9 
800 39 13 750 42 14 | 1,050 30 8 1, 750 18 6 | 10 
800 27 9 600 36 12 960 23 6 | 1,600 14 5 | 44 
768 11 4 960 9 3 960 9 3 1,152 7 3 | 12 
504 110 37 462 120 40 630 88 22 840 66 22 | 13 
800 33 11 600 43 15 960 rH 7 | 1,600 16 6 | 14 
660 if 3 440 11 4 440 11 3 660 7 34.15 
754 21 7 633 25 9 869 18 5 1,375 11 4 | 16 
Bhs adcactus 248 SA il canemyecsecs 286 Ol andar achat 206 BA ais heater 139 49 | 17 
400 55 19 500 44 15 600 37 10 | 1,000 22 8 | 18 
800 22 8 1, 000 18 6 | 1,050 17 5 1, 750 10 4/19 
540 37 13 720 28 10 720 28 7 | 1,080 19 7 | 20 
800 9 3 650 11 4 900 8 2] 1,200 6 2] 21 
502 32 11 422 38 13 579 28 7 917 18 6 | 22 
SACS 155 Baal ee agentes 139 AB |e duis ta. edi 118 BL. lesa eeca d 75 27 |23 
3707 688 235 3 644 756 258 3 867 561 147 | 31, 257 387 136 | 24 


3 Overall average. 


Table 16 shows the overall dimensions of each 
storage area for each system. 

The last two columns in table 16 show the addi- 
tional lanes that would be needed to eliminate re- 
handling of commodities for stock rotation. Lanes 
were added to each storage bay according to the fol- 
lowing rules: In general storage, four lanes were 
added to storage area layout A, or two lanes were 
added to storage area layout B; in dry-cold storage, 
three lanes were added to layout A, or two lanes were 
added to layout B; and in wet-cold storage two lanes 
were added to layout A, or one lane was added to 
layout B. These rules provide for addition of at least 
one lane for each commodity listed in table 15 except 
those in the “other” categories. 


Labor Requirements 


The labor rate used to analyze all storage and han- 
dling systems is $2.25 per hour for forklift truck oper- 
ators. This includes base wages plus fringe benefits 
such as social security, workmen’s compensation insur- 
ance, and paid vacations. 


Work Element Descriptions 


Handling operations were divided into work ele- 
ments. The element titles and description follow. 

PicK UP LOAD ON PLATFORM.—Begins when forks 
start to enter loaded pallet. Includes inserting forks, 
lifting and tilting pallet, and moving load clear of 
original position. Ends when load clears original 
position. 
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TRANSPORT LOADED.—Begins when load clears orig- 
inal position or when load has been lowered to height 
suitable for travel. Includes completing, raising, or 
retracting load while in motion, and transporting to 
desired location, starting to raise or extend load while 
in motion, and decelerating for position to set down. 
Ends when truck starts to turn for positioning to 
set down. 

SET DOWN LOAD IN STORAGE.—Begins when truck 
starts to turn for positioning. Includes maneuvering 
truck to aline load horizontally and raising load to 
desired height, driving into storage bay when neces- 
sary, positioning and depositing load, withdrawing 
forks from loaded pallet, and backing truck until forks 
clear face of storage bay. Ends when forks clear face 
of storage bay. 

TRANSPORT EMPTY.—Begins when forks clear face 
of storage bay or pallet in order-assembly area. In- 
cludes lowering forks while in motion, moving to de- 
sired location, starting to raise or extend forks if neces- 
sary, and decelerating for positioning to pick up. 
Ends when forks start to enter loaded pallet on plat- 
form or when truck starts to turn for positioning to 
pick up load in pallet rack. 

PicK UP LOAD IN STORAGE.—Begins when truck 
starts to turn for positioning. Includes maneuvering 
truck to aline forks horizontally and raising forks to 
desired height, driving into storage bay when neces- 
sary, inserting forks, lifting and tilting pallet, backing 
truck until load clears face of storage bay, and lower- 
ing load to height suitable for travel. Ends when load 
is in position to travel. 

SET DOWN LOAD IN ASSEMBLY AREA.—Begins when 
truck starts to turn for positioning. Includes maneu- 
vering truck into position to deposit load, extending 
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Ficure 18 —Basic dimensions for 40- by 32-inch self-sup- 
porting pallets. 
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load when necessary, lowering pallet into position in 
assembly area, and withdrawing forks. Ends when 
forks clear loaded pallet. 

SET DOWN EMPTY PALLETS ON PLATFORM.—Begins 
when truck starts to turn for positioning. Includes 
maneuvering truck into position to deposit load; ex- 
tending load when necessary, lowering pallets into 
position on the platform, and withdrawing forks. 
Ends when forks clear bottom pallet. 


Productive Times 


Allowances to provide for personal needs and re- 
covery from fatigue were added to the base times to 
determine productive times for each element of work. 
The personal and fatigue allowances are each 5 per- 
cent of the base time. Productive times for work 
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Ficure 19.—Basic dimensions for standard pallet racks. 
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Figure 20.—Basic dimensions for four-tiered drive-in pallet 
racks. 


elements were summed to determine productive labor 
requirements for: (1) Moving loads into storage 
(table 17); (2) rehandling commodities for stock 
rotation (table 18); (3) assembling commodities 
stored in general and cold storage along a belt con- 
veyor (table 19); (4) assembling palletized bananas 
along a belt conveyor (table 20); and (5) returning 
empty pallets from the order-assembly area to the 
receiving platform (table 21). Table 22 presents 
labor requirements for transportation over distances 
not covered in other tables. 


Rehandling for Stock Rotation 


It was assumed that rehandling of pallet loads in 
one lane would be necessary for each carlot received. 
Rehandling would therefore occur 844 times per year 
at the 1,000-carlot-per-year volume. The number of 
pallet loads rehandled each time would depend on 
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Ficure 21.—Basic dimensions for three-tiered drive-in pallet 
racks, 


the storage method used. It was assumed that each 
possible number of pallet loads to be rehandled was 
equally likely. Thus, if the storage lane were three 
loads high (tiers) and three loads deep (rows), the 
number of pallet loads to be moved could be any 
number from zero to eight. (If the lane were full, 
containing nine loads, it would not be used for new 
commodities.) The average number of loads moved 
per receipt would be four. When the lane is three 
loads high and two loads deep, any number of loads 
from zero to five would be possible. The average is 
2.5 pallet loads. Combining the two averages, ac- 
cording to their weight, results in an average 3.4 pallet 
loads to be moved when the storage method consists 
of storage bays three tiers high and five rows deep per 
access aisle. The number of loads to be rehandled 
was determined for all methods of storage in this 
manner (table 23). 


31 


TaBLeE 16.—Room dimensions required for specified storage systems to store a representative inventory for an 
annual volume of 1,000 carlots 


Layout | Storage 

Storage system Storage area |pattern!] bay 

width 

Name Letter Lanes 
Conventional 40- x 48-inch pallets, %4in | General....... B 13 
1 tier, 44 in 2 tiers, counterbalanced | Dry cold...... A 13 
trucks. Wet cold...... A 12 
Tubular-frame 40- x 48-inch pallets, 3 | General....... A 14 
tiers, counterbalanced trucks. Dry'cold:..sc3. A 16 
Wet cold...... A 8 
Tubular-frame 40- x 32-inch pallets, 3 | General....... A 20 
tiers, straddle trucks. Dry colds cei: A 17 
Weticoldee::. A 11 
Standard pallet racks, 40- x 32-inch | General....... D 19 
pallets, 3 tiers, straddie trucks. Dry cold si% D 17 
Wet cold...... Cc 12 
4-tiered drive-in racks, 40- x 48-inch | General....... A 13 
pallets, counterbalanced trucks. Dry-coldie ws A 11 
Wet cold.zs.c A 7 
3-tiered drive-in racks, 40- x 48-inch | General....... A V2, 
pallets, counterbalanced trucks. Dry 'cold.......: A 10 
Wet cold...... A 6 
3-tiered drive-in racks, 40- x 48-inch | General....... A 12 
pallets, extendible-fork trucks. Dry cold. \.;.-5. A 10 
Wet ‘cold ts.3'5': A 6 


1 For diagrams of layout patterns, see figs. 15 and 16. 


2To determine storage capacity in pallet loads multiply 


Storage 
capacity ? 


Pallet- 
stacks 
130 
65 
60 
70 
80 
40 
100 
85 
55 
114 
102 
48 
65 
55 
35 
60 
50 
30 
60 
50 
30 


Rehandling 
eliminated— 

Room Room 
width depth 

Lanes Addition 

added to room 

width 

Number 
68411047 4) 5641074 2 9/0"" 
Dy shee al dehy 3 134607 
SSO 284 5 L2 2 9/0”” 
621102715284 5" 4 18/0/" 
TMAOLE | 2B E154 3 132622 
S50 Lae 28 Ge 2 9/0" 
(SY AD PX ere see 4 WAAR SY 
Yet eta le AXLE La 3 9/6!" 
34’ 8/7 | 24/7 5/7 2 FA 
TOG 3 910 is ease en | ee 
COKE NISSIM s are ill ba aon doc 
A 6123922 592.61 96/2 | ee er raen| eee ee 
6241022 N28. 2544 4 19/0" 
BQ OC N28r (SL! 3 14/3” 
33/5 GU Na2Be bts 2 9/6" 
BDL eS LOA 2 BAUS ob 4 18/4’’ 
AGA 2B ANS Lt 3 TSLO AS 
27' gr 28/ 5” 2 go" 
Sea LacZ 5 51 4 18/4"” 
AGE TW 2540547 3 SAL 
27! g” 25/ 5 2 g/ar 


pallet stacks by tiering height (1.333 loads for conventional, 


4 for 4-tiered racks, and 3 for all other storage methods). 


Tasie 17.—Labor requirements per pallet load for storing 1 pallet load, with observed storage systems 


[In man-minutes] 


Storage system 


Conventional 40- x 48-inch pallets, % in 1 tier, % in 2 tiers, 
counterbalanced: trucks! 2. sche afc saa ase th asta ere Sateen 
Tubular-frame 40- x 48-inch pallets, 3 tiers, counterbalanced 
EUICKS 8 ooo desseai ga sents cera heh Bic ay Bodh od wanes Parka oeea Mma eos Meee 
Tubular-frame 40- x 32-inch pallets, 3 tiers, straddle trucks 6. 
Standard pallet racks, 40- x 32-inch pallets, 3 tiers, straddle 
PEAT CST rk eo cohen NE Gch a hea che recat a Una sat ehe repent ah chem oe a 
4-tiered drive-in racks, 40- x 48-inch pallets, counter- 
balanced trucks'4s iA. ci wcuaid dens Mean eee 
3-tiered drive-in racks, 40- x 48-inch pallets, counter- 
balanced trucks: 6.5. adis snes Go ba Gis chopra 8 Shap eee 
3-tiered drive-in racks, 40- x 48-inch pallets, extendible- 
fork trucksi6s, ioc tabs, clic tga hee ene ee ee 


Pick up load 
on receiving 
platform 


pei) 


Productive labor requirements ! 


Transport 
loaded 


0. 46 


41 
. 48 


sf5 
41 
ey 
~47 


Set down 
load in 
storage 


30. 27 


5.36 
B39 


5. 40 
829 
5 37 
5. 46 


Transport 
empty 


0. 39 


. 34 
. 42 


. 64 
. 34 
Bey? 
. 45 


Total 


y22. 
1. 34 


1. 88 
1. 15 


1 Productive times include 10-percent allowance for fatigue 


and personal needs. 
2 Average distance transported is 150 ft. 
375 percent of loads in 1st tier and 25 percent in 2d tier. 
4 Average distance transported is 130 ft. 
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5 Loads are equally divided between 3 tiers. 


6 Average distance transported is 120 ft. 
7 Average distance transported is 190 ft. 
8 Loads are equally divided between 4 tiers. 


TasLe 18.—Labor requirements per pallet load for rehandling for stock rotation for observed storage systems 


[In man-minutes] 


Storage system 
Pick up_ | Transport 
load in loaded 
storage 
Conventional 40- x 48-inch pal- 
lets, % in 1 tier, 4% in 2 tiers, 
counterbalanced trucks ........ 0.17 0. 09 
Tubular-frame 40- x 48-inch pal- 
lets, 3 tiers, counterbalanced 
ERUCKS (2 brie: ses ot od & awit ative aetraage 402 el 
Tubular-frame 40- x 48-inch pal- 
lets, 3 tiers, straddle trucks !..... 232 . 08 
4-tiered drive-in racks, 40- x 48- 
inch pallets, counterbalanced 
UC S 895 Ma ers taco ela e andhw ate noe lace aie . 40 .14 
3-tiered drive-in racks, 40- x 48- 
inch pallets, counterbalanced 
PUCK SoG Aro seaside. taal aac . 34 -11 
3-tiered drive-in racks, 40- x 48- 
inch pallets, extendible-fork 
tRTICK S87. 2. ie, ae baanci's re lec S snanaeneeed Sr . 10 


Productive labor requirements 1! 


Transport 
empty ” 


Pap 


-11 


. 10 


Pick up | Transport | Set down | Transport 
load in loaded load in empty 
storage storage 
0. 11 0. 09 0. 27 0. 10 
-11 «tft . 36 sdf 
. 09 . 08 335 .09 
.11 . 14 . 29 oe 
.11 14 237 11 
19 . 10 . 46 . 10 


1 Productive times include 10-percent allowance for fatigue 


and personal needs. 


2 No time required to set load down when it is removed from 
storage because forklift operator merely lowers pallet to the 


the next load. 


3 Average transport distance is 22 feet. 
4 Average transport distance is 13 feet. 


5 Average transport distance is 32 feet. 


Total 


floor as he reverses direction to begin transport empty back to 


TaBLe 19.—Labor requirements per pallet load for assembling commodities along a conveyor, for observed 


Storage systems 


[In man-minutes] 


Storage system 


Conventional 40- x 48-inch pallets, 4 in 1 tier, 14 in 2 tiers, 
counterbalanced trucks:?./c1, 21.0.5 cdle ayes eae le chere ole aie 
Tubular-frame 40- x 48-inch pallets, 3 tiers, counter- 
balancedutrucks: $5 eos 0s. 09:aeeeaiies wie Aedes teore ei onror nce 
Tubular-frame 40- x 32-inch pallets, 3 tiers, straddle trucks °. 
Standard pallet racks, 40- x 32-inch pallets, 3 tiers, straddle 
EGE CSN ipaie ayia ths Spc oss sis) 20s, Dewy enes a) STIs POG cheery te Reeeoustin: Shee 
4-tiered drive-in racks, 40- x 48-inch pallets, counter- 
balancedttrucks:4.. Jc wis hoc scene See eee tether h een ees 
3-tiered drive-in racks, 40- x 48-inch pallets, counterbalanced 
trucks ® 
3-tiered drive-in racks, 40- x 48-inch pallets, extendible- 
POFKNtHUGks Oia ey ae le, Gk hac ale heneats Coredsrenteale Wins tet GP evk, cob as 


Pick up 
load in 
storage 


Productive labor requirements ! 


‘Transport 
loaded 


0. 46 


. 41 
. 48 


75 
41 
.37 
47 


Set down 
load in 
assembly 
area 


0. 20 


. 20 
eee 


. 22 
. 20 
. 20 
. 30 


1 Productive times include 10-percent allowance for fatigue 


and personal needs. 
2 Average distance transported is 150 ft. 
375 percent of loads in 1st tier and 25 percent in 2d tier. 
‘ Average distance transported is 130 ft. 


‘Transport 
empty 


0. 39 


. 34 
. 42 


. 64 
. 34 
~ 32 
» 45 


Total 


1. 27 
1. 44 


2.13 
12:35 


5 Loads are equally distributed between 3 tiers. 


6 Average distance transported is 120 ft. 
7 Average distance transported is 190 ft. 
8 Loads are equally distributed between 4 tiers. 
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TaBLe 20.—Labor requirements per pallet load for assembling palletized bananas? along a conveyor with fork- 
lift trucks 


[In man-minutes] 


Productive labor requirements 


Time item 
Counterbalanced Straddle truck Extendible-fork 
truck truck 
Pick up'loadion: platforms. 5)s:cae scene care ccna ero 0. 11 0. 09 0. 19 
‘Pransport loaded 25: 2 itcsc'.-ate cies onet goenete tes rncmore orto ate eeestere sted eka . 41 353 5LY 
Setdown load'in-assembly areas. si ssic fers aetser nates neun to calvon . 20 22 . 30 
Transport €M pty, 2). a205 00d aay ae eo ne ole see neta anyaae sees . 34 -45 . 48 
Ob al casas al Bee a GnSee U RAR Ee ERED a SEE Ee Oa 1. 06 1. 29 1. 49 


1 Twelve boxes, each containing 40 pounds of bananas, loaded on each pallet. There are an average of 37.5 pallet loads per carlot 
equivalent of bananas. 
2 Transport distance—130 ft. 


TaBLE 21.—Labor requirements per load of pallets for 1 man to return empty pallets to the receiving platform 
with forklift truck 


[In man-minutes] 


Productive labor requirements ! 


Forklift truck Pick up Set down 
load on Transport empty Transport Total 
platform loaded 2 pallets on empty 2 
platform 
Counterbalancédsas%.oaiass s.c.00s << 6 cigiete sede soln a lemelep eal 0.11 0. 41 0. 22 0. 34 1. 08 
DAC Cherersas acs Anniate, Pues due, deoiacea setae, eier et ieeaeeaer et neem 09 53 . 30 » 45 eye 
PxtenGiDle-fOrk accic asasseca lens sndsanterera’s to aad lakaee aaa esepenet meee 19 52 31 - 48 1. 50 


1 Productive times include 10-percent allowance for fatigue and personal allowances. 


2 Average distance transported is 130 ft. 


Unavoidable Delay and Job Changeover 
Allowances 


In addition to the fatigue and personal allowances, 
allowances were made for unavoidable delays and for 
changing jobs when a worker with time available is 
assigned to other work. An allowance of 10 percent 
per day (0.8 hour) to cover unavoidable delays was 
added to the elapsed time required to perform the 
productive work. The allowance for changing jobs 
is 0.5 hour, or 30 minutes per forklift operator per day. 

Because of the nature of the work assigned to the 
forklift truck operator, an allowance for unavoidable 
delays is included to account for the times when the 
operator is on a standby basis to be available on call 
to service unloading crews, to rearrange storage areas, 
or to service an order assembly line. The delay in- 
tervals are interspersed throughout the periods in 
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which he is productively engaged. Although these 
delays are estimated to be a significant amount of 
time (48 minutes), it is not possible to use that time 
productively, because of the irregularity of their occur- 
rence and their short duration. 

The unavoidable-delay allowance must be added to 
the time of each forklift operator for all systems. This 
has the effect of reducing the time each worker has 
available for productive work from 8 hours to 7.2 
hours each day. The number of operators required 
is one if the productive labor requirements for 1 day 
are less than 7.2 man-hours, and two if the produc- 
tive labor required should be between 7.2 and 14.4 
man-hours. For all the systems analyzed, 2 forklift 
operators are adequate (one for receiving and one for 
assembly) for the 1,000-carlot annual volume. 

The job changeover allowance of one-half hour per 
man per day is added to the labor requirements, if, after 


TaBLE 22.—Labor requirements per trip for 1 man transporting fruits and vegetables on forklift trucks 


[In man-minutes] 


Transport distance (feet) Counterbalanced truck 


Transport Transport 

loaded 2 empty 3 
BO er cicinuls clamtwata lena cla tun avd OF19 0. 18 
GO reise SES a slaved ciation signa ara «21 a9 
Oeste tects alata waesssoenctan ss he . 24 21 
BO eet e et See bske Ga diaatec cut . 26 23 
SOR eects: datcetier vines soonnuseenecy - 30 .25 
110) 0 saree rey ene acre eee ee 12 .27 
AMOR Reese Bikes tox ls gee ARE sees 135 . 30 
AED errors tons Aare fattc Nenattius eta a a oT . 32 
MED OM retetnaietas ateletatnata d.stare ee 41 . 34 
WEA Onerieti cesta ew bie ature bth ae . 43 . 36 
Wa Qe re as 8s etaele Steere < - 46 239 
NGO eet er eaiiaes cle si gat Bie ceeoiietes . 48 ; . 41 
GAO eee en Sees ree rere m eearirrear as O02 . 43 
USO etalotisantew ews Sustwe oats cnr! ~ 45 
TOO Cera sivrencascaticns ardistate eens DT .47 
LOOK scsi verse 6 ecpre, sw eeree a ening’ 09 . 49 


Productive time requirements ! 


Straddle truck Extendible-fork truck 


Transport Transport ‘Transport Transport 
loaded 4 empty > loaded ® empty 7 
0. 22 0, 20 0:21 0. 20 
329 . 23 . 25 . 24 
. 30 . 26 . 29 “2d 
a fo} - 30 +33 - 31 
oF . 33 . 36 . 34 
41 - 36 . 40 «oT 
» 45 +39 . 44 . 41 
. 48 . 42 .47 - 45 
+53 ~45 «D2 . 48 
. 56 - 48 «55 «ol 
59 soe .59 255 
. 64 . 54 . 63 . 58 
. 67 Rray i . 67 . 63 
of . 61 . 70 . 66 
.75 . 64 Par) . 69 
mh) . 67 . 78 Be 


1 Productive times include 10-percent allowance for fatigue and personal needs. 
2 To estimate time required at intermediate distances, use the equation: Productive time (minutes) 0.00273 x distance (feet) + 


0.050. 


3 To estimate time required at intermediate distances, use the equation: 


0.063. 


4 To estimate time required at intermediate distances, use the equation: 


0.029. 


5 To estimate time required at intermediate distances, use the equation: 


0.046. 


6 To estimate time required at intermediate distances, use the equation: 


0.019. 


7 To estimate time required at intermediate distances, use the equation: 


0.027. 


it is added, there remains at least 1 hour for which 
the worker can be assigned to other work. Otherwise, 
the total day is charged to the pallet handling activ- 
ities included in these analyses. It can be seen that 
in receiving there is at least one hour that can be 
charged to other activities with all the systems ana- 
lyzed (table 24). The maximum productive labor 
required is 5.05 hours. Adding 0.8-hour unavoidable 
delay allowance and 0.5-hour job changeover leaves 
1.65 hours that can be charged to other work. 

In the assembly operation there would be less than 
1 man-hour available for other work in two of the 
systems studied after adding the unavoidable-delay 
and job-changeover allowances. When standard pal- 
let racks are used, the total would be 7.94 man-hours, 
leaving only 0.06 man-hour. With 40- by 32-inch 
tubular-frame pallets the total would be 7.25, leaving 


Productive time (minutes) =0.00216 x distance (feet) + 
Productive time (minutes) 0.00381 x distance (feet) -+ 
Productive time (minutes) 0.00312 x distance (feet) + 
Productive time (minutes) =0.00383 x distance (feet) -+ 


Productive time (minutes) 0.00350 x distance (feet) + 


TasLE 23.—Numbers of pallet loads to be rehandled 
when specified storage methods are used for an 
annual volume of 1,000 carlot equivalents 


Average Average 
number of | number of 
Storage system loads re- loads re- 
handled per | handled per 
carlot year ! 
Conventional 40- x 48-inch pal- 
lets, 4 in 1 tier, 14 in 2 tiers..... 1.45 1, 224 
Tubular-frame 40- x 48-inch or 
40- x 32-inch pallets, 3 tiers... 3. 40 2, 870 
4-tiered drive-in racks, 40- x 48- 
Inch pallets... osc %.u0 tae wad hes sone 4. 70 3, 967 
3-tiered drive-in racks, 40- x 48- 
inch: ‘pallets: i. .j22cced M208 3. 40 2, 870 


1 Based on 844 receipts per year of commodities stored on 
pallets. 
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Taste 24.—Daily labor requirements for receiving and assembly when specified storage and handling systems 
are used for an annual volume of 1,000 carlots 


Receiving ! 
Storage system 
Productive | Allowances 3 
Standard pallet racks, 40- x 32-inch | Man-hours Man-hours 
pallets, 3 tiers, straddle trucks. . . 5505 1. 30 
Tubular-frame 40- x 32-inch 
pallets, 3 tiers, straddle trucks. . . 3. 48 1. 30 
Tubular-frame 40- x 48-inch 
pallets, 3 tiers, counterbalanced 
AEUCKS yt ot cs nomena ne Ce 2:55 1. 30 
4-tiered drive-in racks, 40- x 48- 
inch pallets, counterbalanced 
WUCKS eh eccde cin sce ateuapeeeue ene eS 2. 63 1. 30 
3-tiered drive-in racks, 40- x 48- 
inch_ pallets, extendible-fork 
je] (ed <<} Ae ne ae eg ee 2. 45 1. 30 
3-tiered drive-in racks 40- x 48-inch 
pallets, counterbalanced trucks. . 1. 84 15-30 
Conventional 40- x 48-inch pallets, 
V4 in 1 tier, % in 2 tiers, counter- 
balanced trucks 05... 4e5 52%. he 1. 48 1.30 


1 1 forklift operator receiving an average of 3.2 carlots per day. 


Assembly 2 
Other work} Productive | Allowances 3 Idle 4 Other work 
Man-hours | Man-hours Man-hours | Man-hours | Man-hours 
1=165 6. 64 5 0. 80 0. 56 0 
3. 22 5.95 5.80 16:25 0 
4.15 4. 06 1. 30 0 2. 64 
4.07 35795 1. 30 0 SurS5) 
4.25 3. 28 1. 30 0 3. 42 
4. 86 2. 28 1. 30 0 4, 42 
By 1.96 1.30 0 4. 74 


2 1 forklift operator assembling an average of 3.8 carlots per day. 
3 Includes 0.8 hr. for unavoidable delay allowance and 0.5 hr. for job changeover allowance except where noted by other footnotes. 
4 Time that cannot be assigned to other work because there would be less than 1 hr. available after subtracting the 0.5-hr. job- 


changeover allowance. 


5 Job-changeover allowance not included because the forklift operator cannot be assigned to other work. 


only 0.75 man-hour. With these two methods the 
entire time (8 hours) of the forklift operator is 
charged to the assembly operations included in the 
analyses. 

The figures in table 24 are average daily require- 
ments and would be divided by the average daily 
volumes to get the requirements per carlot equivalent. 

The unavoidable-delay and job-changeover allow- 
ances are divided by different daily volumes for receiv- 
ing and assembling operations to determine their con- 
tribution to labor required per carlot. In receiving, 
only 844 carlots are moved into storage with forklift 
trucks. In the 8-month busy season, during which 
80 percent of the total annual volume is handled, the 
average volume received daily by forklift truck is 
therefore 3.2 carlot equivalents. 

The job-changeover allowance for receiving is 30 
man-minutes divided by 3.2 carlots, or 9.38 man- 
minutes per carlot for all systems. 

In assembly operations, after bananas are cut and 
packed in 40-pound boxes, they are palletized along 
the truck-loading conveyor. Therefore, 80 percent of 
the total 1,000 carlots are assembled by forklift truck 
during the 8-month busy season. The average daily 
volume assembled during this period would be 3.8 
carlots. The productive labor required per carlot for 
assembling bananas and other commodities, and the 
total productive labor required per day, are shown in 
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table 25. With all systems, except the standard pallet 
rack and 40- by 32-inch tubular-frame pallets, the 
job-changeover allowance is 7.89 man-minutes per 
carlot assembled. 

Time available for job changeover for the standard 
pallet rack storage system would be 33.6 man-minutes 
divided by 3.8 carlots, or 8.8 man-minutes per carlot, 
and for the tubular-frame pallet storage system in 
which a straddle truck is used the time available 
would be 75 man-minutes divided by 3.8 carlots, or 
19.7 man-minutes per carlot. 


Equipment Cost Data 


The initial cost figures in table 26 were furnished 
by equipment manufacturers, distributors, and manu- 
facturers’ associations. They were current in 1962. 
Equipment prices can vary widely from one location 
to another and for different quantities. The figures 
used should be considered average. Wholesalers con- 
sidering purchasing equipment can get more specific 
cost estimates from local distributors. The deprecia- 
tion periods reflect those usually used in computing 
Federal taxes, as well as the depreciation periods rec- 
ommended by the manufacturers. The cost of having 
capital tied up in equipment was computed as interest 
on average investment at the rate of 5 percent. 


TABLE 25.—Average daily productive labor requirements for assembly and returning empty pallets for observed 
storage systems, for an annual volume of 1,000 carlots 


Storage system 


Standard pallet racks, 40- x 32-inch pallets, 3 
tiers: straddle:trucks...<srscibs. Medea ee ans os 
Tubular-frame 40- x 32-inch pallets, 3 tiers, 
Stracdlentrucks:ac 7 f.. aa dec tena woke Sue Ses 
Tubular-frame 40- x 48-inch pallets, 3 tiers, 
counterbalanced trucks: ¢ 00.0.5 cadioi sede es © 
4-tiered drive-in racks, 40- x 48-inch pallets, 
counterbalanced trucks) 5... icant oa 6 is 
3-tiered drive-in racks, 40- x 48-inch pallets, 
extendiblé-fork trucks. 2 4s adore fee aeeldnt 
3-tiered drive-in racks, 40- x 48-inch pallets, 
counterbalanced trucks). 3.5.3.0. fstheaccna as 
Conventional 40- x 48-inch pallets, 4% in 1 
tier, % in 2 tiers, counterbalanced trucks...... 


Assembling, 
nonbananas 


Man- 
minutes 

107. 35 
66, 10 
45. 47 
50. 49 
46, 18 


S193 


26. 23 


1This figure is obtained by adding the products of 844 carlots 
times the man-minutes for assembling produce other than 


Labor required per carlot 


Assembling, 
bananas 


Man- 
minutes 

48. 38 
48. 38 
39.75 
39, 75 
55. 88 
39.79 


39.75 


Assembling, | Returning 
weighted pallets Total 
average ! 
Man- Man- Man- 
minutes minutes minutes 
98. 15 6. 63 104. 78 
63. 34 30. 55 93, 89 
44, 58 19. 49 64. 07 
48. 81 4. 04 52. 85 
47, 69 4.14 51. 83 
32. 98 2. 98 35. 96 
28, 34 2. 59 30. 93 


Labor 
required 
per day 


IS 2: > GBS 
i) 
for) 


bananas and 156 carlots times the man-minutes for assembling 
bananas and dividing by 1,000 carlots. 


TaBLe 26.—Annual cost to own and maintain certain materials handling equipment 


Ownership costs 
Expected Total 
Equipment useful Initial Mainte- | annual 
life cost Deprecia- | Interest | Insurance Total nance cost 
tion (5 and taxes | ownership 
percent) |(4 percent) 
1 counterbalanced forklift truck with over- Years 
head guard (2,000-lb. capacity).......... 8 » $6, 050 $756. 25 |$170. 16 $242. 00 |$1, 168. 41 |$181. 50 $1, 350 
2 batteries for counterbalanced truck (15 
cell, 504 amp.-hr. capacity) 1............ 5 2, 970 594. 00 89. 10 118. 80 801. 90 89.10 891 
1 charger for 15-cell batteries.............. 8 725 90. 62 20:.39 29. 00 140. 01 21.75 162 
Motalinewaata a ctcsaite ati eee aus ean ao aks 9,745 | 1,440. 87 | 279. 65 389.80 | 2,110.32 | 292. 35 2, 403 
1 straddle forklift truck with overhead guard 
(2:000-Ib.‘capacity) ... «ccc eto wage aa 8 4, 655 581.88 | 130. 92 186. 20 899. 00 | 279. 30 1,178 
2 batteries for straddle truck (6-cell, 725 
amp:-hr. capacity.) 2. cesisnee pees hese * 5c) 35.120 624.00 | 93.60 124. 80 842. 40 93. 60 936 
1 charger for 6-cell batteries............... 8 550 68.75 15. 47 22. 00 106. 22 16. 50 123 
MB Oba earicacectiet thoes eae a eee eee Res Hehe eet 8, 325 | 1, 274. 63 | 239.99 333.00 | 1, 847.62 | 389. 40 2, 237 
1 extendible-fork forklift truck with over- } 
head guard (2,000-lb. capacity).......... 8 5, 550 693.75 | 156.09 222.00 | 1,071.84 | 333. 00 1, 405 
2 batteries for extendable-fork truck (12-cell, 
455 amp.-hr;. capacity) P22. c4..ce dh. cs 5 2, 000 400. 00 60. 00 80. 00 540.00 | 60.00 600 
1 charger for 12-cell batteries.............. 8 550 68. 75 15. 47 22. 00 106. 22 16. 50 123 
PINOLE or cee is th aee enmee eel VAR ae ete fl| dhekeas Foe 8,100 | 1,162.50 | 231.56 324.00 | 1,718.06 | 409. 50 2, 128 
Pallets: 
100 40- by 48-inch flush-stringer........ 6 350 58. 33 10. 21 14. 00 82. 54 10. 50 93 
100 40- by 32-inch single-wing......... 6 300 50. 00 8.75 12. 00 70. 75 9. 00 80 


11 battery to be used during the day shift and the other during the night shift. 
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The cost of electrical energy is not included in the 
handling-equipment cost table because it would be 
different for different combinations of storage method 
and handling equipment. The energy required to 
move commodities depends on the type of truck used, 
weight of load, transport distance, and tiering height. 
Total energy required would be determined by these 
factors and the total quantity handled. Energy re- 
quirements were computed for each storage system 


(table 27) using handbook data.8 Energy costs are 
based on a rate of $0.027 per kilowatt-hour 
(kw.-hr.). This rate, a national average for com- 
mercial users, was obtained from statistics published 
by the Federal Power Commission. 


® Handbook of Material Handling with Industrial Trucks. 
The Electric Industrial Truck Association. 71 pp., illus. 
1950. 


TABLE 27.—Costs of electrical energy when specified storage systems are used for an annual volume of 1,000 
carlot equivalents 


Storage system 


Conventional 40- x 48-inch pallets, 4% in 1 tier, 4 in 2 tiers.... 
Tubular-frame 40- x 48-inch pallets, 3 tiers................. 
Tubular-frame 40- x 32-inch pallets, 3 tiers................. 
Standard pallet racks 40- x 32-inch pallets, 3 tiers........... 
4-tiered drive-in racks, 40- x 48-inch pallets................. 
3-tiered drive-in racks, 40- x 48-inch pallets................. 
3-tiered drive-in racks, 40- x 48-inch pallets................. 
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Total Electrical Electrical 
Forklift truck used energy energy cost | energy cost 
required per year per carlot 
per year 
Kw.-hr 
Counterbalanced...... 1, 611 $43, $0. 04 
Counterbalanced...... 2231 63 . 06 
Straddle mn ara radk 2,005 54 05 
Straddlemnesccs rs 3,124 84 08 
Counterbalanced...... 2, 482 67 07 
Counterbalanced...... 1, 853 50 05 
Extendible-fork........ 1, 984 54 05 
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